=~ 


Electronic 











Made throughout in polished stainless 
steel 


Single action door openings. 
Rectangular with self spacings to suit. 
Double ended controls. 


Electrical interlocking of air inlet and 
isolation valve. 


Outer cover hermetically sealed. 


DOUBLE ENDED 
STAINLESS STEEL 
VACUUM OVENS 


with glove box for semiconductor devices 


GC Temperature Range 0°-300°C. or 
be () a0 equivalent F 

© ‘ah { Temperature Control: 

;, ‘4 0 Normal +74°C. 
: ( ) ee @ " - Special + 1°C. 
? — mm 
—s Internal Spacing 7” x 8” x 18”. 
| A (can be altered to special requirements). 


Vacuum Range. 


Respective Vacuum Gauges incorporated. 


v a To 10-* m.m. 
> 


Automatic air inlet valve on Backing Pump. 
Photographs show how a ” = 8 P 


complete sequence of pro- : . ‘ 
duction con be ergenised, Visual Indicators and fuses on all switches. 


without exposure to atmo- . P 
sphere, by means of our Flanged for fitting into Dry Box. 


Ovens. 


@ We design and manufacture Ovens to Customers’ special 
requirements. Should you have any problems in this field, our 
Technical Department is always willing to help you solve them. 
Vacuum Ovens with temperatures of up to 600°C are also manu- 
factured by us on similar lines but with Sectional Heating and 
Water-Cooled Ends. 


We design, manufacture and supply Vacuum Machinery to major 
companies in Great Britain and Overseas. 
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No. 760. 3 doz. As- 
sorted Light Com- 
pression Springs. 1” 
to 4” long, 22 to 18 
ave... Bee 
diam. 6/6 each. 


“lf only i had an 18G 7 
expansion spring!” 


No. 98A. 3 doz. As- 
sorted 1” to 4” long, 
4” to ?” diam., 19G 
to 15G. 5/6 each. 





No. 757. Extra Light 
Compression, 1 gross 
Assorted, 4” to &* diam. 
4” to 24” long, 27 to 19 
S.W.G 15/- each. 


No. 388. 4 gross As- 
sorted Small Expan- 
sion Springs. }” to 
14”, 18G to 21G. 
9/6 each. 








No. 758. Fine Expan- 
sion Springs. | gross 
Assorted 4” to §" diam. 
4” to 2” long, 27 to 20 

W.G. 15/- each. 


No. 466. 4 gross As- 
sorted Small Expan- 
sion Springs 4” to 14” 
long, 3/32” to 3/16’ 
diam., 21G to 24G. 

6/6 each. 











No. 1024. 20 Compression Springs 
12” long. }” to 4” diam., 24G to 18G, 
suitable for cutting into shorter lengths ; 
and 30 Expansion 14” to 12” long, 
5/32” to §” diam., 22G to 16G. 

24/- each. 





There he is—stuck for a vital spring, the job 
hung up, all because he can’t put his hand 
on the very thing needed to finish it. 

Don’t be caught out like this—make 
practical use of TERRY’S BOXES OF 
ASSORTED SPRINGS where you'll find 
the exact spring you need for a thousand 
and one propositions. These handy boxes 
hold a wonderful variety of springs of every 
kind—compression, expansion, heavy, 
light, long, short, in the gauge you want 
—just when you want it. 

Why not let us send you our fully illustrated 
list of BOXES post free? 


HERBERT TERRY & SONS LTD 


Redditch, Worcs. 


(Makers of Quality Springs, Wireforms and Presswork 
for over 100 years) 


Have you a _ Presswork 


Cut production costs with Terry Wire 
CIRCLIPS (Square Section) 


We can supply from stock in sizes from }” to §’. 


problem? If so let us have it 
and we'll help to solve it 
for you. 
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GUARANTEED TEMPERATURE COEFFICIENT 
with IMPROVED STABILITY... 
features of all 


A miniature precision wire- 
wound resistor, §° long by 4” 
diameter, having axial leads 
suitable for tag-board mounting. 


TYPE RM 


The RMI, 4 W., &” long by 
i” diameter, has radial leads 
with a 6 BA clearance hole 
through the centre for ease of 
mounting. The RM2, 1/10 W., 
i” long by }° diameter, has 
been specifically designed for 
printed circuit applications with 
lead spacing of 03° 


FOR RELIABILITY AND STABILITY 
COMPONENTS LIMITED SPECIFY ALMA 


Wy a 551 Holloway Road, London, N.19 a igen Coefficient guaranteed better than 0.002% 
: ' A folder containing full technical details of the range of 
Telephone: ARCHWAY 0014/5 


ALMA resistors can be obtained on application. 














RR <i 





=== TRANSFORMERS CHOKES PLUGS SOCKETS SWITCHES 


RESISTORS 


to 
A. 





_ lll | 


ARDENTE 


Miniature 
Electronic Components 


\\ 
wl 


FULL TECHNICAL DATA UPON REQUEST 


AMPLIFIERS 


ant 


LABORATORIES LTD 


Phone: ELGAR 3923(6 lines) Telegrams: HAILER LONDON 


ARDENTE ACOUSTI 
POTENTIOMETERS 


8-12 MINERVA ROAD : LONDON : NWI 


> 
en 


NW 


ERNE 3 
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Hermetic Sealing 


STEATITE & PORCELAIN 
NICKEL METALLISING 


Quality Approved (Joint Service R.C.S.C.) 
WILL MEET THE MOST EXACTING REQUIREMENTS METALLISED 


Perfect Terminations — 


—made readily without special precautions by 
semi-skilled labour, employing simple hand 
soldering methods, R.F. Heating, 

Hot Plate, Tunnel Oven or similar 


mass production methods 


STANDARD RANGE 


Shouldered, Tubular, Conical, Disc 
and multi seals are included, assembled 
with stems if preferred. 

SEND FOR CATALOGUE No. 47 


TECHNICAL SERVICE 


Always available, do not hesitate to 
consult us. Samples for test will be 
supplied on request. 


STEATITE & PORCELAIN PRODUCTS LTD. 


STOURPORT ON SEVERN, WORCS. Telephone: Stourport 2271. Telegrams: Steatain, Stourport 





— TT 
SP 10e 
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Servo control 
systems 
for industry 


Ketay are the specialists in all aspects of remote indication and 
servo control systems. 

Backed by a unique knowledge of synchros, resolvers and similar 
precision components, Ketay design servo systems for indication, 
computation, and control of nuclear or conventional plant. Small, 
lightweight and highly accurate, Ketay servo components and 
control systems are especially suitable for process control over 
a wide range of industries. 

Engineers and plant designers are invited to make full use of the 
technical services and development facilities provided by Ketay 
Limited in this specialised field. 

Synchros, Resolvers, Tachometer Generators, Instrumentation 
and Servo Control Systems for Industrial and Military 
Applications. 


Hetay KETAY LIMITED 
Eddes House + Eastern Avenue West - Romford - Essex - Telephone: Seven Kings 6060 


Overseas Sales Organisation : Plessey International Limited - Ilford - Essex - Tel: Ilford 3040 
® is 
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- Bullers ceramics 


FOR INDUSTRY 





High quality material and 
dimensional precision are 
attributes of Bullers die- 
pressed products. 

Prompt delivery at com- 
petitive prices. 


We specialise in the manufacture of 


PORCELAIN 


for general insulation 


REFRACTORIES 


for high-temperature insulation 


FREQUELEX 


for high-frequency insulation 


PERMALEX & TEMPLEX 


for capacitors 





BULLERS LIMITED 


MILTON ~- STOKE-ON-TRENT - STAFFS 
Phone: Stoke-on-Trent 5432! (5 lines) - Telegrams & Cables: Bullers, Stoke-on-Trent 


HYHOTETHEENENTT NINN 


ironworks : TIPTON, STAFFS 


London Office : 6 LAURENCE POUNTNEY HILL, E.C.4 
Phone: Tipton 169! 


Phone: MANsion House 997! 
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The BRUEL & KJAER 


High Speed 
Level Recorder 


Type 2305 





Write or phone for further information 


Adr.: NARUM, DENMARK - Teleph.: NAARUM 800500 - Cable: BRUKJA, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 4 TILNEY STREET, PARK LANE, W.! 
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Fully Transistorized 


Frequency mbatuvomert sud Te b Mess 
-for less than £300 
and Lume mtaturemont into The bargain! 


Other models available from £245 


VENNER ELECTRONICS ‘LIMITED, Kingston By-Pass, New Maiden, Surrey . MALden 2442 
ELECTRONIC ENGINEERING 8 FEBRUARY 1960 
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FOR INSTRUMENT TUBES 
check with 


It is more than likely that your instru- 


ment tube requirements can be met by 
the present comprehensive range now E 7 El 
available from Electronic Tubes Limited. 


Economy with performance is character- 
istic of this range which is the outcome of 
years of specialisation in the design and 
production of instrument cathode ray 
tubes. 

Brief details of the range are given here — 
for full data please use the coupon at the 
foot of the page. 


ABRIDGED DATA— Typical operation 





3AFPI |3AZPi| 4EP! | 4LPi | SBKPI | SBUPI a SBVPIA 
igh High 


ICP! ; ; 
; General | Double} General | Split Helical | General 
Monitor Writing | Writing 
Purpose | Gun* | Purpose | Beam P.D.A. Purpose Speed Speed 





0.5 1.0 1.5 2.0 1.5 1.4 2.0 4.0 1.5 
0.5 1.0 1.5 2.0 1.5 1.8 2.0 4.0 | 4.0 
a oa 4.0 3.0 4.0 4.0 8.0 8.0 


ie anil 10 i 2 ail 


80 75 60 95 95 95 


Y sensitivity . . (V/cm) ; 23 27 ; : 36 
90 90 
X sensitivity . (V/cm) 36 27 
Screen diameter (mm) 108 108 


SCREEN TYPES: 
Medium persistence, . Yes Yes Yes Yes Yes Yes Yes 


Long afterglow No Yes Yes Yes Yes To order | To order | To order | To order 


Blue photographic... | Toorder| Toorder| Yes Yes To order | To order | To order | To order | To order 

















Short persistence.... | To order No No To order No No To order | To order No | 





























* Data is given for each gun. 
SESSHSSRS TERE ESE EERE ERE SERRE EERE eee eee eee 
Please send me data on the types ticked 


EIEL 


Electronic Tubes Limited 
Kingsmead Works + High Wycombe ~- Bucks 
Telephone : High Wycombe 2020 


icpi{ | sexe! | 


3aFPi{ | sBuPi | | 


3azPi| | seve: | | 
acpi | | seveia | | 


acpi | | secpi [| | 
SSSSSRSEERSEEREREREER EERE ESECESESEEREBEeeeeeesee 
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KLYSTRON Bw?) i oe ee 


The Type 380 Stabilised Power Unit is ; 
designed to obtain the highest possible performance 
from plug-in klystrons CV2116, CV2346, KS9-20, 


Stabilised KS9-20A and K300, etc. 


It contains a stabilized d.c. heater supply 
d.c. with a stability factor of 50: 1 in 
addition to first grade reflector and 
resonator stabilizers. 


heater 5 
Modulation at 2.5 to 4.0 Kc's is provided by 


an internal square wave generator and facilities are 
available for external square or sawtooth 
modulation. 

A sync output which is locked to the internal 
square wave may be used to trigger 


REGD. TRADE MARK external units. 


Please write for leaflet B.36. 


MICROWAVE INSTRUMENTS 
nonin i le LIMITED 


WEST CHIRTON INDUSTRIAL ESTATE - NORTH SHIELDS 
NORTHUMBERLAND. Tel: NORTH SHIELDS 3606/7. 
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The new concept ot 
fa (aeeneletie equipment 


manufacture 


A new philosophy: 
Made for everyday use 
Wide range available 

* Modern techniques 
Flow production 
Automatic inspection 


Easy servicing 


AM/FM Generator GM 2621 
Frequency range 4.5 - 300 Mc/s 


% Throughout the automatic 
manufacture of their new and 


ingenious electronic tools, 

Philips are using printed circuits 
together with other modern 
components to obtain a 

uniformily high level of performance. 
Modern techniques have thus allowed 
for the creation of electronic tools, 
simple to operate, which are accurate, and 
which are also robust 

and reliable under day-to-day 
workshop or laboratory conditions 


Dependable PR : Li ps, tools 


PHILIDS | 





for the electronic industry 


Sold and serviced by Philips Organizations all over the world 


Overseas enquiries please, to the manufacturers, 


N.V. Philips, Eindhoven, the Netherlands. 


Sole Distributors in the U.K.:Research & Control ’-struments Ltd., 
207 King’s Cross Roud, London W.C. 1 
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High frequency accuracy and stability 
Carrier distortion 5°/0 

Output voltage from 0.1 #V up tol V 
Frequency sweep max. 250 kc/s 
Modulation depth max. 30° 

Built-in output, sweep and mod. depth meter 
Built-in crystal oscillator 

Tropic proof 








The price - a pleasant surprise 
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A simultaneous 
dual-channel 


tape recorder 
Series 3C/FN 


Tue Ferrograph Series 3C/FN, illustrated 
here, is a simultaneous dual-channel instru- 
ment, using staggered heads, which offers 
special facilities to those engaged in medical, 
aeronautical and other scientific research. 
Besides the normal ability to record simul- 
taneously time pulses on one track and 
intelligence on the other, it becomes immedi- 
ately obvious that many forms of comparative 
measurement, stereophonic sound, or indeed, 
any two activities capable of being trans- 
lated into electrical phenomena (within its 


—for Industrial Research 





frequency and phase shift limitations) can be 
recorded simultaneously and replayed when 
required. Thus, the scope of such an instru- 
ment, when used for Research purposes, is 
almost unlimited. 

Our wide experience in the design, manu- 
facture and application of high precision 
magnetic tape recording equipment in Industry 
will be made freely available to you on 
request. 


Vie tucomparcbl: WEVVO graph 


FERROGRAPH RECORDER CO. LTD., 131 


Sloane Street, 


London, SWI. Tel: SLOane 2214/5 & 


{A subsidiary of the Ferrograph Company Ltd.) 
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Like a hat, an electronic instrument should be exactly fitting for its sclected application. 
For the accurate determination of electrical characteristics in any material, component or 
circuit, Wayne Kerr manufacture the most reliable and versatile equipment. 

Their four main types of Bridge are supplemented by a comprehensive range of adaptors, 
each of which is designed specifically for use in a particular application. Together, these 
equipments cover the widest field of use, from the most precise measurement of transistor 
parameters to measuring the viscosity of face creams. 

All Wayne Kerr Bridges are based upon the transformer ratio-arm technique. This highly 
advantageous technique enables complicated measurements—which could be extremely 
difficult, if not impossible, with a conventional bridge arrangement—to be made easily 
and with the greatest accuracy. 

Not only is ¢very item of these equipments extremely accurate, but they are distinguished 
also by the clean, attractive layout of their controls and the simplicity and speed with 
which readings can be made even by unskilled operators. 

Te determine exactly which Bridge and adaptors would be most appropriate for your 
pus yoses, a Wayne Kerr technical representative will be pleased to discuss the matter 
with you. 

In the meantime, we should be happy to provide you with literature describing the operation and advan- 
tages of the transformer ratio-arm technique (Information Service Monograph At) and of any specific 
type of Bridge in which you are interested. 


THE WAYNE KERR LABORATORIES LIMITED 
Sales and Service 44 Coombe Road, New Malden, Surrey Tel: MALden 2202 


WAYNE KERR 
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your measure 


V.ELP.. Bak 
Component 
and Universal 
Bridges 


ons 
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Now made in 
Great Britain 


DEAC 


PERMA-SEAL 











SEALED RECHARGEABLE 


For Radios, Hearing-Aids, 
Tape Recorders, Shavers, 
Photo Flash Equipment, 
Torches, Electric Toys, 
Portable Measuring 
Instruments. 


* No corrosion * No gassing 
* No maintenance 

* Unlimited shelf life 

* Robust and compact 

* From 20 mAh to 23 Ah 


All enquiries to the Sole Distributors 


G. A. STANLEY PALMER LIMITED 
Maxwell House, Arundel Street, London W.C.2. TEM. 372! 


MANUFACTURED IN GT. BRITAIN BY DEAC (GREAT BRITAIN) LTD. 
Altona Way, Buckingham Avenue Trading Estate, Slough, Bucks. Slough 24539 
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VHF WAVE ANALYSER 


TYPE 248 




















an entirely new instrument 
for the Harmonic Analysis 
of Wave Forms 





























With the WIDE RANGE of 
5 Mc's to 300 Mc's in 6 bands 


AND OTHER POWERFUL 
FEATURES 


Long Scale—4 feet on each band. 


Accurate Attenuators—-+o.1 dB 
per step. (0—70 db). Two External 
20 dB attenuators provide—accuracy 
to.3 dB. 


Low Harmonic Generation— 
enabling detection of 2nd harmonics 
to —s55 dB and higher harmonics to 
—70 dB relative to fundamental. 


Three Alternative Bandwidths— 
20 k/cs, 70 kc/s, 500 kc/s. A.M. and 
F.M. demodulation. 


1L.F. Output at socket on front panel. 


Highly Stable—gain changes less 
than 1 dB for 10°, mains variation. 


in instrumentation Figs a make most things . . . better 


AIRMEC LIMITED - HIGH WYCOMBE - BUCKS «< Tel: High Wycombe 2501-7 
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Type 201, the newest precision wirewound 
resistor can be plugged into an Electro 
Methods type D2 socket. Gold-plated phos- 
phor bronze pins ensure strength with 
consistent low ohmic contact resistance, 
while the tough resin encapsulation will 
withstand extremes of temperature and 
humidity. 


The standard range of Rivlin precision 
resistors are eminently suited to all 
applications requiring great accuracy, 
stability and low temperature coeffecient. 
Supplied to any tolerance up to + 0.1% 
of the nominal value, or 0.010, which- 


ever is greater. 


Type PC. 301 

RIVLIN, the name behind the resistors 
Type PC.301, the miniature precision >. preferred the world over for their 
resistor designed specifically for printed . accuracy, reliability, craftsmanship and 
circuit use. Phosphor bronze pins, 
spaced 0.3” to suit the standard Printed 
Circuit module, are silver finished for 
ease of soldering. The PC.301, which is 
unaffected by extremes of temperature 
and humidity, is designed to match the 
rapid development of modern Printed 
Circuits. 


prompt delivery. 


INSTRUMENTS LIMITED 


Doman Road, 

Camberley, Surrey. 

Tel: Camberley 2507/8 : ELECTRONIC ENGINEERS 
London Office: Tel: 


Swiss Cottage 3038 
sau 
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HEAVY DUTY FIXING DEVICE 


RAWELBOE LS 


There is no waiting for cement to harden when you use Rawlbolts. 
The holes are drilled with a Rawltool to the exact size, 

the Rawlbolts dropped in and after the machine has been positioned 
the bolts are tightened. The expansion of the members locks 

the bolts in the holes. They cannot work loose through vibration 
or shock. The machine can be put into operation immediately. 


Rawlbolts have earned a sterling reputation for strength and reliability 
throughout the world—they are used by the million every month. 
Rawlbolts grip by expansion—their strength as a fixing is 

based on the enormous compressive strength of concrete itself. 


RAWLBOLTS ARE MADE IN TWO TYPES 


For fixing heavy machinery to floors there is the 
Loose Bolt type of Rawlbolt which enables the 
machine to be slid into position after the 
Rawlbolt has been inserted. For wall fixings use 
the Bolt Projecting type which will position 

the fixing before tightening up. 


Please write for Chart and descriptive literature. 





Tools that save time For hole boring there is a big range of high 
efficiency Rawlplug tools for use by hand, electric and air power. 











Rav+LDRILLS 


For hand boring for 
Rawlbolt sizes 
A to G. 


BS45A 





STARDRILLS 


For hand boring for 
all Rawlbolt sizes. 





DURIUM MASONRY 
DRILLS 


For use in hand and 
electric drills for 
Rawlbolt sizes 
C to G. 





TRIFORM DRILLS 


For use in electric 
hammers for Rawl- 
bolts sizes C to K. 





DURIUM HAMMER 
DRILLS 


For use in electric 
hammers for Rawl- 
bolt sizes C to J. 





P. H. BITS 


For use in pneu- 
matic hammers for 
Rawlbolt sizes 
E to K. 











FEBRUARY 


1960 (B) 


RAWLPLUG CO. LTD., CROMWELL ROAD, LONDON, S.W.7. 


THE WORLD'S LARGEST MANUFACTURERS OF FIXING DEVICES. 
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How costs are cut with SALTER RETAINERS 


Salter retainers simplify design of 


air, water, steam union, with great savings 





T, K 


asec oe = am | MATERIALS SAVED 4 SALTER 


decreased wall thickness of housing 2/9 


73 RETAINERS 
4 





eliminated bearing lock nut and washer 


MACHINE simplify 
OPERATIONS ELIMINATED design, 
bore, undercut, and tap cap end of housing 1/42 

THE OLD WAY Air, water, steam union locate cap on arbor, and chase threads 1/- assembly 


involved drilling, threading and milling 
operations. Maintenance was difficult. drill spanner wrench holes 


and 


4 
cut thread on rotor for lock nut 3 
7 


mili slot in thread for tang on lock washer 


7 maintenance 


| 
drill spanner wrench holes in rotor 4: 





with a 
ASSEMBLY 
OPERATIONS ELIMINATED saving of 








install lock washer, tighten lock nut, bend lug 8/64 . 
per unit 


assemb'e cap into housing 














TOTAL SAVING WITH 


4 SALTER RETAINERS SALTER RETAINERS 


THE SALTER WAY Salter retainers permit 
rapid, simple assembly and maintenance with 
a reduction in manufacturing costs. 








eT 


eo ia 


Circlips €> Fasteners Retainers 


Geo. Salter & Co. Ltd., West Bromwich. Spring Specialists since 1760 
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EDISWAN MAZDA 10C14 


The 10C14 is a Triode Heptode valve combination, with separate 
electrode structures, for use in broadcast radio a.c./d.c. receivers. The 
valve is intended to be used as a frequency changer for amplitude 
modulated signals with the triode as local oscillator. In combined 
AM FM receivers, the heptode may be switched to operate at 10-7 Mc/s 
as an IF amplifier for frequency modulated signals. 

Heater Current (amps) In 0-1 

Heater Voltage (volts) Vo 19 


Preliminary Ratings and Characteristics. 
MAXIMUM DESIGN CENTRE RATINGS Heptode 


Anode Dissipation (watts) Paimax 1-7 

Screen Dissipation (watts) Pe2 + g4(max) 1-0 

Anode Voltage (volts) Vatmaz 250 

Screen Voltage (1, <! mA) (volts) Vg2 + g4(max) 250 

Screen Voltage (1, = 7-6 mA) (volts) Veo + géimax 125 

Heater to Cathode Voltage (volts rms) Vnh-x (max) rms 

Nlean Cathode Current (mA) Ix(avymax ys 5 Preliminary characteristic curves of Ediswan Mazda Valve Type 10C14 





INTER-ELECTRODE CAPACITANCES (pF) Heptode Triode 
Anode to Earth Ca-E 79 2:1 
Anode to Grid | Ca-gi <0-006 1-0 
Grid | to Earth ~ § 4:8 2°6 
Grid 3 to Barth 6-0 -~ 
Inter-electrode capacitances measured in n fully shielded socket. 


NCE (rq) (Ma) 
o 
r=} 


° 
2 
2 


RESISTAI 


3 
Co 
2S 
2 


CHARACTERISTICS Heptode Triode 


Anode Voltage (volts) Va 170 100 
Screen Voltage (volts) Vez + o4 . 
Grid No. 3 to Cathode Voltage (volts) V¢s-« 
Grid No. | to Cathode Voltage (volts) Ve¢i-« 
Anode Current (mA) I, 
Screen Current (mA) Igo + ga 
Mutual Conductance (mA/V) 2m 
Amplification Factor (Heptode, 
21 tO ga, g4) He 


2° 
s 
~ 





(Vosc) (VOLTS A.M.S.) 


Ps 


ANODE (iq) & SCREEN (Igo8 94) CURRENT mA 
oa 


(mA/¥) & ANODE AC 


) 
© ‘ve ° 
7” Ss 
> ¥ 


° 
“ 
~ 


TYPICAL OPERATION AS AM FREQUENCY CHANGER 
Heptode 


Supply Voltage (volts) Vb 170 
Anode Voltage (volts) Va 170 
Screen Resistance (k{2)....... Rega + gs 10 
Heptode Grid No. 3 and Triode Grid 

Resistance (k!2) ....... Regs + gt 47 - 
Screen Voltage (initial) (volts) Veo + a4 102 100 — 300 
Grid | to Cathode Voltage (volts) Vgi-x —2- OSCILLATOR GRID CURRENT (Ig, 495) MICROAMPS 
Heterodyne Peak Voltage (volts)............... Vhetipk) 
Conversion Conductance (BA V) Be 
Anode Current (approx) (mA) I, 
Screen Current (approx) (mA) ...........-.-- [ga + ga 
Heptode Grid No. 3 and Triode Grid 

Current (MA) les + gt 
Grid | to Cathode Voltage for Be reduction 

100 : | (volts) ee t 
Valve Anode Resistance (8Va Bis) (MQ)......18 
Equivalent Grid Noise Resistance (k{Q)......Req 


Triode 


Anode Voltage (volts) Vait) 
Anode Current (average) (mA) 
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MAXIMUM DIMENSIONS (mm) 


Overall Length 
Seated Height 
Diameter 


ANODE CURRENT — MILLIAMPS 


w 


BASE B9A (Noval) 


k.gs.S 











50 100 1580 

31 ANODE VOLTAGE — VoLTS 
92,94 
VIEW OF FREE END KigssS 


Associated Electrical Industries Ltd 
Radio and Electronic Components Division 
Technical Service Department, 155 Charing Cross Road, London, W.C.2 


Tel: Gerrard 8660 Telegrams: Sieswan Westcent London M A Z D A Cac 5/Sl 
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we can get 
you out of 
a wide band 
problem 


And if you're in a rage over rectifiers or ina 
diode of despair—don't worry. We'll get 

you out of that too. (Why, we've made some of 
our customers actually beam at tetrodes!) 

It's because we've experienced over 40 years 
bottling up valves—Tx, Rx, rf, audio, hard, 

soft, gov't., speciai—that problems like this no 
longer hold any terrors for us. Also, we've 
everything on the research and production side 
you could possibly wish for. So the next time 
you're enveloped in a valve problem, let us know. 





Ca—all 
less gi 


(pF) 











valves are obtainable from 


THE M-O VALVE CO. LTD 


BROOK GREEN - HAMMERSMITH - LONDON W.6. 


A subsidiary of the General Electric Co. Ltd 
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was chosen as the ideal material for these intricate 
mouldings —the T.V. screen surround and mask 
in this R.G.D. Television set. 


For surface Finish 
a high finish which enhances the prestige look of the set. 


For Impact Strength and 

Dimensional Stability 

a frame that won’t distort and which gives 4 high degree 
of protection for the delicate interior. 


For good Mouldability 

BC 15 is an excellent material for injection moulding and 
sheet extrusion. Because of its toughness, mouldings can 
be ejected without fracture from really intricate dies. 
Screen surround and mask for television set moulded 

in two interlocking sections by Halex for 


R.G.D. (Radio Gramophone Development Co. Ltd.) 


Bextrene BC 15is available in a wide range of attractive colours. 


Write for pudlication No. 582 to 


BX i LAS : : CS hia } D A subsidiary of The British Xylonite Co. Led. 


Higham Station Avenue, London E.4 Telephone: LARkswood 5511 
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Stabilized 


FOR 
THERMIONIC 
VALVES 
High-power 0-600 volts stabilized 300 mA max. 


£150 NerT IN Uk errear a e 


H.T. source resistance less than 0-1 ohm at d.c. 
and less than 0-5 ohm up to 30 kc/s. 


H.T. source resistance may be varied up to 
a maximum of 40 ohms. 


Mains ripple of up to 6 volts can be 
superimposed on H.T. line. 


Overload protection of H.T. line by 
resettable cut-out. 


AVWCEe COMPONENTS LIMITED 


eed INSTRUMENTS DIVISION 
ROEBUCK ROAD + HAINAULT * ILFORD * ESSEX * TELEPHONE : HAINAULT 4444 


ELECTRONIC ENGINEERING 22 FEBRUARY 1960 





EE 18027 for further details 


Two new stabilized power packs with outstanding 
features for the development engineer. 


The Type PP.1 has the unique features of stabilized L.T. 
voltages, variable H.T. source resistance, and mains ripple 
injection on the H.T. line. 


The Type PP.3 is fully transistorized and provides simul- 
taneous d.c. voltages of either polarity, and is fully protected 
against accidental short-circuit. 


FOR 
p p 3 TRANSISTORS Two independent variable d.c. supplies 0-30 volts | amp. 


Positive and negative supplies provided simultaneously. 
£1 10 NETT IN UK Up to 60 volts d.c. by series connection, 
Fully protected against short-circuits. 


Leaflet M 62 Ripple less than | mV peak-to-peak. 


Both voltage and current monitored simultaneously. 


We shall be pleased to arrange for our Area Sales Engineer to demonstrate these models to you. 


eee eeeeeee#eeveoe#4050oue#2#kheee#ee#ee+eeee#eeesse#eee#es @e@ 
GDB. 
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making the right contact 


The right contact is most important. It is the difference 


between success and failure. The striking success of the 
“‘Thessco”’and “*Thessconite’’range of electrical contact 


materials and assemblies is based on long experience. 


Our latest catalogue gives details of the comprehensive 


range of contacts we manufacture. 


Make the right contact now ; ask our technical represent- 
ative to call. 
aapnenatleasesies: SMELTING 


Company Limited 


HEAD OFFICE AND WORKS: ROYDS MILL STREET, SHEFFIELD 4 
ALSO AT LONDON AND BIRMINGHAM 
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A NEW RANGE OF INSTRUMENTS 


EASIER TO READ... 
FROM ANY ANGLE... 


CROMPTON PARKINSON 


‘NEW-WORLD’ 


This is what the dial looks like at 60° from 
the centre line—it can obviously be clearly 
read Over a total angle of 120°: just one 
advantage of the front-line scale and con- 
toured window of Crompton Parkinson 
*New-World’ instruments. 


Shadow-free dial — scale is level with 
front of bezel and forward of panel. 


Less reflection glare — glass contours 
minimise ‘flashing’ from adjacent light 


sources. 


Ne light striations — glass rim has mini- 
mum lens effect - no break-up of trans- 
mitted light. 


Long clear scale - 6} in. scale on 34 in. 
dia. platform dial. Bold cardinals and 
figuring ensure speedy no-error readings. 


Unobtrusive fixing - Integral corner- 
fixing studs. 


Full range — Ammeters and Voltmeters, 
moving-iron and moving-coil; Wattmeters: 
Frequency, Speed, and Power-Factor 
Indicators: Rotary Synchroscopes. 


RN HLS Ie RL A RENTS HT AMBRE S80 St 


eee 


*‘New-World’ instruments embody many 
Western-hemisphere design features. Your 
product will have increased acceptance in 
dollar markets if it carries ‘New-World’ 
instruments. 


(rompton Parkinson 


tiIMtTED 


MAKERS OF ELECTRIC MOTORS OF ALL KINDS, A.¢ AND D.¢ 
GENERATORS, SWITCHGEAR B.E.T TRANSFORMERS, CABLES, 
INSTRUMENTS, LAMPS, LIGHTING EQUIPMENT, BATTERIES, STUD 
WELDING EQUIPMENT, TRACTION EQUIPMENT, CEILING FANS 


CROMPTON HOUSE - ALDWYCH - LONDON - WC2 
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R.A.E. use 
HASSETT & HARPER CABINETS 


The specialised test equipment shown in our 
illustrations is housed in Hassett & Harper Cabinets 
installed at the Royal Aircraft Establishment, 
Farnborough. 

We are proud to include the R.A.E. on our list of 
distinguished customers and to have co-operated with 
their engineers on this project. 

Whoever our customer may be, we operate with 
a dual aim: to supply his exact requirements and to 
maintain Hassett & Harper standards at a consistently 
high level. From initial consultation, through detailed 
development to completion of a precision-made job 
delivered on time, our engineers will display lively 
and interested co-operation. 

The standard range of Hassett & Harper Cabinets, 
variable in a wide combination of ways, meets most 
requirements, while a custom-built ‘special’ can meet 
any requirement, Ministry K114 Standard is regularly 
adhered to. 

You should have details on file. May we supply 
literature ? 








Both photographs Crown Copyright reserved, reproduced by permission of the Controller, H.M. Stationery Office. 


REGENT PLACE - BIRMINGHAM 1 


Telephone : CENtral 6418 


| +} | ltd LONDON SHOWROOM : 
Csscir é& arpcr 1 GREAT CUMBERLAND PLACE - LONDON W.1 


Telephone : Paddington 469! 
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OUR 

TRAVELLING WAVE TUBES 
UNLIKE THE ANGEL FISH, 

ARE NOT AS BROAD 
AS THEY'RE LONG 
BUT 
THEY DO HAVE 
EXTREMELY WIDE ‘Nv X 
BAND 

WIDTH! 





@eeoovo<«@#eee#ee#ee#eee#e#e#@*@ 


We have a wide selection of Low Noise 
Tubes, Intermediate (medium power) 
Tubes and Power Tubes, covering 
many frequency bands. For further 
details and information concerning 


any of our range of thermionic tubes 


for industry, write to the Company. 


"ENGLISH ELECTRIC 


AGENTS THROUGHOUT THE WORLD 





Chelmsford, England 


ENGLISH ELECTRIC VALVE CO. LTD. @)}) PS Reinehsiemianee 


AP 142 
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the ‘Professional’ tape 


for the professional user 


























EMI SALES & SERVICE 





LTo. 








Magnetic Recording Tape offering the highest 
technical standards. First choice of leading 
recording, broadcasting and television organisa- 


tions and widely used in science and industry. 


VIDEO 
Emitape for Video recording now being 
supplied to BBC and ITA. 


EMIFILM 

Sprocketed magnetic recording film designed for all 
applications where absolute synchonisation is required. 
16, 17.5 and 35 mm. Single or double perforation. 


EMITAPE INSTRUMENTATION TAPE 

Produced to the most exacting specifications and 
available in various standard widths. Electrostatic 
filtration down to a particle size of .00001 mms. ensures 


manufacture under cleanest possible conditions. 


(Recording Materials Division) , Middiesex . SoOvUthaii 2468 


es rn 98 
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Marconi in Telecommunications 


The post and 
telegraph 
authorities 
of more than 
80 countries 
use Marconi 
equipment 





MARCONI COMPLETE COMMUNICATION SYSTEMS 
SURVEYED « PLANNED « INSTALLED * MAINTAINED 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
Mt 
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Speed is the need in Printed Circuits 


BS Ik BON ID print circuits faster 


The Printed Circuit is rapidly becoming established assembly 
practice in every field of electro-mechanics. Meeting this 
increasing demand takes specialist production such as only 
Bribond offers. Bribond manufacture circuits complete from 
design to finished board, and every stage is organised on modern 
line production methods providing outputs of any quantity. And 
each individual circuit is subjected to three critical inspections. 
This is increased when the copper is plated with either rhodium, 
silver, or gold. 


Ik | BON ID make prototypes quicker 


The prototype department is at the service of all Bribond custo- 
mers. It can produce within 48 hours or less, the initial circuit 
from which future production can be planned. All that is needed 
is a clean circuit image from which reproduction can be made. 
Where desired, and time permits, the whole of this work can be 
carried out in our drawing office. Bribond recognise that quick 
prototypes—whether for complete units or small sub-assemblies- 
are essential in these highly competitive days when anything that 
shortens the time-lag between drawing board and production 
can mean a big reduction in marketing costs. 


Ik N ID maintain prompt deliveries 


Write for full details 
AYLING and samples to 
INDUSTRIES / BRIBOND LIMITED 
’ / Burgess Hill, Sussex 
rrr / Telephone: Burgess Hill 85611 


Bribond have organised production to guarantee prompt delivery 
of customer’s requirements. Consultation and planning of any 
form of printed circuit—double sided, component notated, flexible, 
flush surfaced, plated, etc.—is freely offered and your enquiry is 


invited. 
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ALDRIDGE 


The two plastic mouldings on the left are 
Aldridge’s contribution to the new attractively 
styled Satchwell TL room thermostat made by 
Rheostatic Company Limited. This new instru- 
ment has the following advantages: 

Better looking 

Small size 

Cheaper to produce 

Practically unbreakable 
The cover is a high impact polystyrene injection 
moulding, which is tough and flexible. A high 
dielectric phenolic type of plastics was chosen for 
the base to provide a rigid, high insulation sup- 
port for the parts of the actual thermostat. The 
successful production of such a highly complex 
shape is a fine example of what Aldridge can 
accomplish by advanced transfer moulding 
techniques. 
Aldridge do a better job in plastics because 
they never stop thinking plastics, dreaming plastics 
and improving their techniques for manufactur- 
ing intricate, accurate shapes in plastics. Give 
them a product in another material—or even one 
already made in plastics—and it’s pretty certain 
that they'll be able to give you a still better job in 
plastics. Let them see it in the design stage and 
they'll show you how it can be simpler, cheaper 


and better in plastics. 


You are invited to get in touch with 


ALDRIDGE PLASTICS LTD 


An A.E.I. Company 
Redhouse Industrial Estate, Aldridge, Staffordshire 
Tel: Aldridge 52031 (3 lines) 
Sales Office: 38/39 Upper Thames St., London. E.C.4 
Tel: CENtral 2332 
CRC AZ 
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White and Riches Ltd 


—specify | WARMS A/C or D/C COMPUTING UNITS AND SYSTEMS 
for research, development and production in the fields 

of AUTOMATION, AERONAUTICS, MISSILES and SATELLITES 

to enable complex non-linear problems to be 


analogued with these advantages 
RELIABILITY, REPEATABILITY, FLEXIBILITY, HIGH RESOLUTION, 


FAST RESPONSE and HIGH UTILISATION 


The full range of units includes E/M SERVO, 
LINE AMPLIFIER - RESOLVER AMPLIFIER 


SERVO AMPLIFIER - 


White And Riches Modular Systems 


ew it 


wa 


INERTIA SWITCH LTD 


offer a wide range of acceleration-sensitive devices. 
SHOCK INDICATORS +» OVERSPEED CONTROLS 


SWITCHES - PULSE OUTPUT UNITS + 
DEVICES DESIGNED TO YOUR SPECIFICATIONS 


GAS RELEASE VALVES - 
* Axial, radial or rotary response. Momentary or holding contacts. 


Provision for adjustment or resetting. 


* Wide sensitivity range from -0Sg to 500g. 
Quick acting or damped to reduce sensitivity to superimposed vibration 
* Stability, accuracy and reliability assured by inherent simplicity of design 


and use of high quality materials 





White and Riches Ltd : CHAncery 4037 


Head Office: 121 KINGSWAY, W.C.2 Telephone 
Inertia Switch Ltd : CHAncery 3759 


VICTORIA ROAD, BURGESS HILL, SUSSEX 
A.|.D. and A.R.B. approved 
FEBRUARY 


Works Telephone : BURGESS Hitt 85661 
32 1960 
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LABORATORY 
STANDARDS 


E-i-L 


Here are three well-known instruments which 


electronic engineers depend upon for day to day 
measurements, in the research laboratory, test room 
and in the field. 


The Model 26 Laboratory 
Valve Voltmeter is distin- 
guished from all other valve 
voltmeters by its exceptional 
accuracy on both d.c. and a.c. 
ranges and by its zero stability 
which is better than 0.7% in 
24 hours. 


The Micovac is the standard 
portable valve voltmeter in the 
Royal Navy, Royal Air Force 
and other N.A.T.O. navies. It is 
also widely used in industry for 
servicing electronic radar equip- 
ment. 











The Model 44A Multi-Range 
Meter is the only instrument of 
its kind covering some 40 ranges 











of d.c. and a.c. measurements to 
B.S.S. precision limits of accu- 
racy, wherever these apply. 


ELECTRONIC INSTRUMENTS LIMITED 


RICHMOND - SURREY -« ENGLAND + RIChmond 5656 
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Transistor 
tester 








Width: 5". Depth: 5". Height: 94”. 
Weight: 6 lbs. Attractively finished in 


grey hammer enamel. 


Outstanding characteristics of the Transistor Tester Model 1325 are 
accuracy of measurement and ease of operation. The instrument 
enables direct measurement to be made of the large signal current 
Amplification Factor B, the Collector Turnover Voltage Vt and the 
Collector-emitter leakage Current I’c(o), of p-n-p and n-p-n transistors 
Two B ranges, combined with seven logarithmically stepped base 
current settings, cover all types of crystal amplifying devices, including 


high-gain and power transistors. The value of the collector current at 


a given base current can be obtained from the 6 readings; the small 
signal current Amplification Factor «’ can be deduced from a few 
readings of B. Crystal diode tests can be carried out using the 
facilities provided for Collector Turnover Voltage measurements. 

Advantage can be taken of the wide range of available base currents 
to measure the I’c(o) under the appropriate dynamic conditions. The 
meter of the instrument is fully protected ; momentary shorting of any 


pair of terminals will not damage the instrument. 


Let us send you full details of Cossor Instruments or arrange 
for a representative to discuss your special needs 


COEOSSOER wnsraumenrs ero 


The Instrument Company of the Cossor Group 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 


Telephone : CANonbury 1234 (33 lines). 


ELECTRONIC ENGINEERING 


Telegrams: Cossor, Norphone, London. 


Codes: Bentley's Second. 
TAS/Ci.20 


1960 


Cables : Cossor, London. 


FEBRUARY 
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Four first-class 
performers 


These four Cossor Oscillographs, each designed 
for an important range of applications, offer first-class performance backed 
by rigid adherence to published specifications. 


MODEL 1065 
PULSE 
OSCILLOGRAPH 


Tube: single-beam, P.D.A. 
Bandwidth: d.c. to 15 Mc/s 
(—S0%). 

Sensitivity: 250 mV/cm. 
Overshoot: less than 3%. 
Time-base: triggered or 
repetitive over range 

40 cm/sec to 5 cm/sec. 

X Amplifier: gain 5, 
continuously variable. 
Time-base delay: 

2 ranges, continuously 
variable. 

Calibration: voltage and 
time, by calibrated shifts. 
Probe: 1.5 MQ, 12 pF. 


MODEL 1049 
INDUSTRIAL 
DOUBLE-BEAM 
OSCILLOGRAPH 


Y Amplifier: Al: d.c. to 
200 kc/s (—30%) at 
gain 900: A2: d.c. to 
400 kc/s (—30%) at 
gain 30. 

Time- Base: repetitive 
or triggered in 18 ranges, 
down to 7.5 sec/sweep. 
Intensity modulation: 
three modes including 
beam bright-up. 
Calibration: time and 
voltage, by calibrated 
shift (X and Y1) and 
multiplier (Y2). 


MODEL 1058 
FOR THE TV & 
RADIO ENGINEER 


Tube: single-beam 
Bandwidth: d.c. to 

6 Mc/s (—5S0%). 
Sensitivity: 250 mV/cm. 
Time- Base: triggered or 
repetitive, over range 

30 cm/sec to 1.5 cm/sec. 
Special facilities for 
triggering from TV line or 


Frame pulses on IV.D.A.P. 
composite video waveform. 


X Amplifier: gain 5, 
continuously variable. 


Calibration: time and voltage 


calibration facilities. 





MODEL 1035 MKIII 
GENERAL PURPOSE 
DOUBLE-BEAM 
OSCILLOGRAPH 


Y Amplifiers: A1: 5 c/s to 

5 Mc/s (—30%). Maximum 
gain 3,000. A2: 5 c/s to 

250 ke/s (—30%) at gain 30, 
with trace inversion facility. 
Time-base: repetitive or 
triggered in 9 sweep ranges 
from 100 msec to 10 usec. 
Time-base delay and pulse 
bright-up facilities. 

X Amplifier: gain 5, 
continuously variable. 
Calibration: voltage and 
time, by calibrated shifts. 


Let us send full details of Cossor 
Instruments or arrange for a representative to discuss your special needs. 


SC Q)IR xsrnunenrs 


The Instrument Company of the Cossor Group 


LTD 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 


Telephone: CANonbury 1234 (33 lines) Codes: Bentley's Second. 


TAS 'CL.I9 


Telegrams: Cossor, Norphone, London. Cables: Cossor, London. 
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ALOGUE WILL HOLD 
ITS SOLUTION! 


Remember—our vast range 

of Transformers is available 

for delivery from stock and 

is backed by our ‘By return 
Service’ 
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polypole 


couplers 


for Pye 
microwave 
TV links 


Robust, reliable and lightweight 
BICC Polypole Couplers and Multi- 
core Cables are used exclusively by 
PYE as part of the standard equip- 
ment for their transportable long 
range television links. 

BICC design and manufacture 
Polypole Coupler Systems to meet 
special requirements. These systems 
cover a wide variety of types and 
sizes of cable, terminated with 
moulded-on couplers. 








Further information is contained in Publication No. TD TPC 5—available on request. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 21 BLOOMSBURY STREET LONDON WCl1 


FEBRUARY 1960 : ELECTRONIC ENGINEERING 





EE 18 042 for further details 
For original equipment, direct replacement 


NEC tubes with new doped-nickel cathode 


Both tube series described here use 
NEC’s new doped-nickel cathode core 
material. This 10-year development 
increases emission without raising op- 
erating temperature. Oxide evaporation 
rate is lower than any known core 
material. Operating data show tube 
life is extended up to 50%. 


WIDE-BAND AMPLIFIER TUBES : Development began 
seven years ago with the 6R-R8, which was used 
in Japan’s first microwave link. A modification, 
6R-R8C, with very low distortion factor, is used in 
coaxial amplifiers. 6R-P10 Power Amplifier Pentode, 
with high mutual conductance and small capacitance, 
is designed for larger power output. 





Cothes ‘ Screen 
Reoring and Plote Troms 








Supply 
Vottoge 
Volts Amp & (v) Gm () 
awit te> (Vv) 





6.3 0.3 12,500 





6.3 0.3 














6.3 0.s 






































DISC-SEALED TRIODES: NEC designed the first 
disc-sealed tube in 1939, giving NEC many years 
of experience in the design and manufacture of 
this type of microwave tube. Each is a direct re- 
placement under all circumstances for the corre- 
sponding type. The NEC tube will give longer life, an 
especially important advantage in repeater stations. 












































* Pulse plate Voltage (eb) 


Please write for specifications sheets. 


<> Mppon Electtic Comparty LIA. roryo, sopen 


COMPONENTS / SYSTEMS 
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GEC Polystyrene 
Capacitors 


SALFORD ELECTRICAL INSTRUMENTS LTD 
MAGNET HOUSE -: KINGSWAY LONDON : WC2 - TEMPLE BAR 4668 


For further information please write to 


ceca 
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80% 


HIGHER OUTPUT CURRENT 


with the 


2Mcs 


VS.10.H 











TROCHOTRON 


This new beam switching tube is the second in a range of Trochotrons under 
development by Ericsson Tube Division. Its outstandingly high current 
output offers a ready means of directly operating any of the series of 
Digitron® register tubes or similar devices including electromechanical 
registers. Its high speed will be of particular interest to engineers engaged 
in the design of nucleonic equipment, digital computers and other switching 
applications. The circuitry associated with the Trochotron being simple, 
gives added reliability and consequently saves on component costs. The 
overall dimensions of the VS.10.H are the same as the earlier VS.10.G. 





BRIEF SPECIFICATION 
Max. Target Voltage . . . . 300V Min. Input Pulse Duration . 0.25 uS 
Nom. Spade Voltage . . . . I40V Max. Counting Speed . . . 2Me/s 
Max. Target Current ... W@mA Wester 63V . ... =. O.5A 
N.B. The VS.10.H specification embraces that of the VS.10.G 


| 
| 
t 





The whole range of Trochotrons will be colour coded for ease of identification. 
VS.10.G—Red VS.10.H—Yellow 


For further details write to: The Technical Services Dept. 


ERICSSON ee 


ERICSSON TELEPHONES LIMITED, HEAD OFFICE: 22 LINCOLN’S INN FIELDS, LONDON, W.C.2. Tel: HOLborn 6936 
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A1.D. APPROVED 


THE BELCLE 


171 COWLEY RO 
re, Oxford 


Cables, Belcle 


Phone! Oxford 4343-2 


FEBRUAR 
Y 1960 (pd) 
4 NEERING 
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Here is one trom the 
Pullin range of 
Standard size OC. Morors 


Governed and ungoverned SIZES 08, 11, 15 and 18 
in a range of voltages 
Shafts: pinion, plain, splined and threaded. 





Here is the Size 18 — type 18P M—an International frame size 18, 

permanent magnet d.c. motor — one from the renowned Pullin range 

of precision, low voltage, permanent magnet d.c. motors designed for 

maximum performance and reliability even under most arduous 

operating conditions. 

At 28 volts d.c. input: torque at 5000 r.p.m. 300 g.cms; stall torque, 

900 g.cms. If speed governed: 3000 r.p.m. = 1°,. As Tacho-Generator: Most types are 
1Ov. per 1000 f.p.m. available from stock. 


For full details of range, please telephone (Isleworth | 2/2) or write. 


Synchros + Servo Motors 
Motor Generators 
Servo Amplifiers - Servo Gearboxes 


R. B. PULLIN & CO. LTD. 


PHOENIX WORKS GREAT WEST ROAD BRENTFORD MIDDLESEX 
Cables: PULLINCO-WESPHONE LONDON Telephone: ISLeworth 1212 
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GEX37 High efficiency r.f. diode 


also suitable for low level vision de- 
tection. Turnover voltage greater 
than 30. 68% average rectification 
efficiency with 600uA min. rectified 
current at 35Mc/s into a6.8k load. 


CURRENT GERMANIUM POINT CONTACT 


3 
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to our wide range 


of point 





GEX58 Diode with high 


back resistance maintained 
up to —100V. Turnover voltage 
greater than 120. Max. current 
at —100V (Tamb. 60°C.) is 
450 yA. 


contact diodes 


GEX942 Gold bonded germanium 
diode with a low forward voltage drop, 
typically 0.65V at 100mA. It has a short 
reverse recovery time, lowcapacitance 
and may be used up to 75°C. GEX94lisa 
single ended version of this diode. 


DIODES 





GEX% General Purpose diode 


GEX3S Low level vision detector 


GEX39 High efficiency r.f. and high 
speed switching diode 


GEX45/1 General purpose diode 
(CV 425) 


GEXS4 High back resistance diode 
(CV 448) 


( (CV2310) Modulators for 
| telephony. Can be sup- 
plied in quads matched 
for fwd. voltage at 5mA, 


GEX66 9 VHF mizer (up to 10 kMc/s.) 
and very high speed switch- 
ing diode. (CV 2290) 


GEX36 
GEX64 








RADAR MIXER DIODES 








,;Germanium co-arial low 
GEmMi noise X-band mizer. 
*GEM2 Extremely low X-band 
‘noise factor of 7.5dB. 


(Silicon co-azial X, S and 
L band mizers (CV 2154) 
(CV 2155) 


SIM2 
*SIMS | 


SimM3 | : : , 
Silicon co - axial X - band 
mixers 

*SIM6 | 


SIM8 | Silicon waveguide Q-band 
mixers (CV 2391) 


8 *simo | (CV 2392) 


*Reversed polarity types 








SEMICONDUCTORS 


The General Electric Co. Ltd., Semiconductor Division 
School Street, Hazel Grove, Stockport, Cheshire. Stepping Hill 3811 
or for London area ring Temple Bar 8000 Ext. 10 
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rm on 
complex connection 


From their wide selection of plugs and 
sockets, MODAC offer a standard range 
of rectangular and circular miniature 
connectors, to which is soon to be added 
a sub-miniature range with combinations 
of 10, 16, 28 and 34 contacts. 


The main feature of this advanced design 
is the independently sprung, multi-point 
contact which provides self-cleaning, 

low contact resistance and is ideal 

under conditions of vibration. 


MODAC is equipped for the design 
of connectors to customers’ 
specifications and to supply any of 
their range as cable assemblies. 


They are more than willing— 
at any time—to come to grips with 
your general wiring problems. 


Modac miniature and sub-miniature connectors 


*Modac’ is a Registered Trade Mark 


for further information and a copy of the *Modac’ 
catalogue, please contact: 


Wiring & Connectors Division 
The Plessey Company Limited 


CHENEY MANOR - SWINDON - WILTSHIRE - SWINDON 6251 


Agents for British Commonwealth Countries: Plessey International Limited - Ilford + Essex + Ilford 3040 
@ MAL2 
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With the completion of B. & R.’s factory extension in 
the early part of 1960 our capacity will be doubled. This 
is not the same thing as saying production will be doubled 
but certainly it will be effectively increased almost at 
once. Further increases will follow as the full works pro- 
gramme is achieved. It all adds up to quicker deliveries 
for you. 


& RELAYS 


LIMITED 


B&R RELAYS LIMITED .- 


Telephone: Harlow 25231 /4 


FEBRUARY 1960 


TEMPLE FIELDS 
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HARLOW - ESSEX 


Member of the Gas Purification Group 
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e 

No exposed metal parts other than terminations, 
which are clean solder coated, thereby ensuring 
easy soldering. 


© 
Body and terminations free of wax coating of 
any other low meiting point material. 


te 
Long life without voltage derating. 


* 

Designed to meet the requirements of British 
Joint Service Standards RCS 131 and BS 2131 
with humidity classification H.2. 


é 
Solid construction eliminates internal movement, 
preventing damage by severe vibration. 


DUBILIZR ENCAPSULATED PAPER DIELECTRIC 
TUBULAR CAPACITORS HAVING OUTSTANDING CHARACTERISTICS 


The Dubilier Capacitor Type 560 is a new approach to capacitor requirements for all radio and electronic 
applications. It is constructed to meet long and arduous service conditions. The paper dielectric 
element is impregnated with a plastics material to produce a solid unit. The terminations are of great 
mechanical and electrical strength and the assembled element is sealed in an encapsulated mineral 
loaded epoxy resin so that there are no parts capable of movement, making the capacitor completely 
immune to shock and all normal atmospheric conditions. 

Capacitance Tolerance; +20% normal +10% by selection. Power Factor; Less than 1% at 1,500 c/s. 
Insulation Resistance; Better than 20,000MQ at normal temperature. Voltage Application; From—40° 
to +125°C for d.c. and from —40° to + 70°C for a.c. 





VOLTAGE RATINGS DIMENSIONS 


CAPACITANCE | a.c. Wkg. r.m.s. at | Diameter 
d.c. Wkg. at —40°C | d.c. Test | 
us aa vo | aPC to +70°C | +0. 


| and up to 60 c/s 
0.00! 1,000 | 2,500 | 250 
0.002 1,000 | 2,500 250 
0.005 1,000 | 2,500 | 250 
| 








0.01 1,000 2,500 250 
0.02 750 | 2,250 250 
0.05 500 | 1,500 250 
0.1 350 1,000 180 
0.1 500 1,500 250 


DUB SIN ENR: 


DUBILIER CONDENSER CO. (1925) LIMITED, DUCON WORKS, VICTORIA ROAD, NORTH ACTON, LONDON wW.3 


Telephone: ACOrn 224! (5 lines) Telegrams: Hivolecon London Telex 


Cables: Hivoltcon London Telex : 25373 
ON 242A 
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-“ YOLSTAT 


VOLSTAT is the one simple word you need 
to remember when you are up against any mains 
voltage fluctuation problem. 


VOLSTAT stands for a range of Constant Voltage 
Transformers produced by ‘Advance’— the leading 
authority on voltage stabilization. 


VOLSTAT is backed by exclusive design, 
development and manufacturing skills which 
over many years have so often provided 

the only solution to mains voltage 
stabilization problems. 


Full details in Folder M63 available on request 


dvante COMPONENTS LIMITED 


a ale lett eae  ROEBUCK ROAD - HAINAULT - ILFORD - ESSEX - HAINAULT 4444 


G.D.9? 
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CERAMIC TO METAL VACUUM SEALS 


ELECTRONICS 


LiMiTED 


ELECTRONIC ENGINEERING 


These ceramic to metal vacuum seals have been developed 

for use in electronic devices operating at high temperatures. 
The design is based on the use of high purity alumina ceramic 
bonded to metal components chosen to suit specific applications. 
In addition to superior electrical properties, particular 

attention has been paid in the choice of materials to achieve 
sustained corrosion resistance in corrosive atmospheres. 

Each seal is individually vacuum tested and rated for continuous 
operation at 600°C. The designs currently available 

employ ceramic components of 4mm. or 5 mm. diameter. 
(These seals have been developed under a U.K.A.E.A. 
Development Contract.) 

20th Century will welcome the opportunity of discussing the 
application of these seals to your individual problems. 


CENTRONICS WORKS 

KING HENRY’S DRIVE - NEW ADDINGTON 
CROYDON - SURREY 

Lodge Hill 2121 





CHWR/59/5 
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PAINTON Miniature Vitreous Wirewound Resistors 


? *% BO e 
ae PO an 'Oo 


8O 85 96 ox 100 








Resistance 
Range 
ohms 


Tolerance 





Min Max 


1 9-9 10% 
10 | 6,800 5% 


2 |68,000 5% 
10 4 |140,000 5% 
5 306A 1 |33,000 5% 


























ail Wy, Protected by Patent Nos. 626128 4 675279 


y * Fully Type Approved to RCS 111 
— * Top Quality * Quick Delivery 


Painton&Cco Ltd * Competitive Prices 
KINGSTHORPE NORTHAMPTON AWAY? specny LGurten Wrenounde 


Tel: 32354-7 Telegrams: ‘Ceil Northampton’, 
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10,000,000 
to I 


continuously 
variable Range of 
Square Pulse Width 
Delay and Rate 














@ SINGLE OR DOUBLE PULSES of either polarity. 
@ FAST RISE TIME—10 to 12 musec independent of control settings over a range of 20mV to 2V. 
@ AMPLITUDE—Accurately calibrated within 2%—20mV to 50V. 
@ NEGLIGIBLE RINGING, OVERSHOOT, JITTER and NO SAG. 
@ INTERNAL RATE GENERATOR—0:Ic/s to 1Mc/s. 
@ EXTERNAL TRIGGERING up to 2:5Mc/s from any wave form. 
@ SINGLE PULSE or PAIR OF PULSES by push-button. 


All these features make} the NAGARD 5002 the most versatile 
PULSE GENERATOR {available today. The diagram below represents its output. 








You can now visualise some of 
its many applications, for 
example :— 


TRANSISTOR CIRCUITRY — the 
testing of response characteristics, 
particularly in computer applications. 


COMPUTERS and all devices SINGLE 
depending on gating circuits can be MAIN PULSE 
tested for response times. 


TRANSMISSION characteristics of 
lines, networks, delays, etc. 


WIDE RANGE ACCURATE TRIGGER DELAY 
for C.R.O.s without this feature. 


SERVICING Oscilloscopes and fault 
tracing in a variety of electronic devices. A. O-2pSEC 


B. 2OVOLTS +ve OR ~ve 
C. RISETIME O-O35yp SEC 


To get the best results ©} o-2ySEC.TO 2SEC. CONTINUOUSLY VARIABLE = $% = O-O2pSEC 


e 


. e P OR - 
use it with a NAGARD ae 


H. RISETIME 1O-l2mpSEC. 2Omv TO 2v. S-SOV DEPENDENT ON LOAD 


OSCILLOSCOPE REPETITION RATE CONTINUOUSLY VARIABLE O1¢/s TO iMc/s2 S% BY INTERNAL GENERATOR, 


OR TO 25Mc/s BY EXTERNAL TRIGGER SOURCE. 





















































NACAR ] 18 AVENUE ROAD - BELMONT - SURREY 


Telephone: ViGilant 9161-2 
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@ 2-pole Open Style 
Relay with two 
changeover coil 
circuit contacts. 


DONOVAN 





A.C. POWER RELAYS 
WITH 2, 4, OR § POLES 


Any pole can be supplied ‘‘Normally-open”’ 


or ‘Normally-closed’’, double-break main 





@ &pole Open Style Relay with 
one changeover coil circuit 


contacts rated at 10 amps. 550-volts max- contact. 
imum. One or two auxiliary change-over 
contacts can be added in addition to main 
poles. Tractive coils available—6 to 550- 


volts A.C. 


The relay, when open style, is supplied with 
back fixing plate suitable for mounting on 


insulation or steel panels, or in metal cases. 
@ 4pole Enclosed Relay 





| 


THE DONOVAN ELECTRICAL CO. LTD. 
78-82 GRANVILLE STREET - BIRMINGHAM | 


LONDON DEPOT: 149-151 YORK WAY, N.7 GLASGOW DEPOT: 22 PITT STREET, C.2 


Sales Engineers available in LONDON, BIRMINGHAM, MANCHESTER, GLASGOW 
BELFAST, BOURNEMOUTH 
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GA2 Size II 


multi-bank ROTARY SWITCH 


A miniature switch complying in size with Inter-Service size Il while providing all the 


facilities offered by larger types in current use —that, in short, is the significance of 


the GA2 size II with roller-click mechanism now introduced by Plessey. 


Specification: 


Improved techniques enable 22 fully insulated contacts to 
be used on each wafer and each contact is rated at the 
full 250 V a.c. The switching combinations are therefore 
increased. The GA2 size II switch has full Inter-Service 
approval, Certificate No. 1116/2 (2096), 1201/1 (2069/1). 


Switch assemblies up to 8” in length (approximately 
15 wafers) are normal practice, but considerably longer 
assemblies, with extra supports, are entirely satisfactory. 


The contacts on this sturdy little switch are held in position 
by the unique “ Wedgelock”’ rivet, while the roller click 
indexing mechanism confers the benefit of assured indexing 
accuracy throughout a long working life in conformity with 
Ministry requirements specified in R.C.S. 154. 


Application: 


This switch is especially suitable for all applications in com- 
munications and is recommended for Ministry equipment, 
particularly where lightness and reliable performance is 
required under arduous conditions. It makes an immense 
contribution to miniaturisation with no loss of efficiency. 








Customer service for prototype switches: 

To avoid time wasted in assembly of prototype switches from 
individual parts, Plessey offer a GA2 size Ii switch kit enabling 
at least 50 switches to be assembled rapidly and easily —- using 
unit-parts—to production standards by relatively unskilled 
labour. A simple order chart positively identifies the required 
switch combination for quality production. 








To appreciate fully its capabilities and applications, please write for leaflet No. 104. 


[ Plessey | 


Components Group 


} Overseas Sales Organisation: Plessey International Limited 


THE PLESSEY COMPANY LIMITED - NEW LANE - HAVANT - HANTS - TEL: HAVANT 1701 


liford - Essex - Tel: liford 3040 
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simpler... 





stronger 


Resistant to vibration, shock, corrosion and 


Thorn SR’ connectors | 7° “nse 


Operate over the temperature range — 40°C to 
the perfect external 100°C. 


es 


é 


ents iece die-cast. C ; atin 
tor for racked compon One piece die-cast, cadmium plated shells 
connec one piece resilient inserts. 


;, , ipment ; 
in console equip Closed entry sockets—Self centring pins. 
40 pins (as illustrated). 


, Poe Pin rating: 4 amps. 
Rugged, simple construction is the outstanding feature of 8 P 
Thorn §.R. Connectors. The one piece, die-cast, cad- Operating voltage: 250 volts A.C. 
mium plated shells and one piece resilient inserts of both Overall dimensions: 
plug and receptacle ensure exceptional resistance to Plug 2.312” x 1.1 
shock and vibration. Receptacle 2.312” x 1.1 


Low engagement and separating forces are provided by 


the pliancy of the insert and the self centring action of The complete AN Series and Pygmy PT series are also 
the pins to the closed entry sockets. included in the Thorn ranges of Electrical Connectors. 


25” x 1.000” 
Dp ihiga 


Thorn / THORN ELECTRICAL INDUSTRIES LIMITED, AIRCRAFT COMPONENTS & CONNECTOR DIVISION 
GREAT CAMBRIDGE ROAD, ENFIELD, MIDDLESEX. TELEPHONE: ENFIELD 5353 
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Input voltage range 190—260v, 
§0c/s. Output Voltage (nominal) 
228—232v. Time Constant 20-80 
milliseconds. Bench and wall 
mounting forms are standard, 
but sub-unit or rack mounting 


models can be supplied. 





Model LT-MVR-120/BM Model LT-MVR-1000 BM 





ee JLT J. LANGHAM THOMPSON LTD. 


GROUP BUSHEY HEATH - HERTFORDSHIRE 
Telephone: Bushey Heath 2411 (6 lines). Grams & Cables: ““Tommy Watford” 





AD/S25 
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talk to 


TCL abou 
ultrasonics 


T.C.L. can justly claim leadership in the production of modern 
transducers for an almost endless variety of applications—a 
few of which, extracted from the new T.C.L. booklet, are listed 
here. This quite unparalleled experience is the result of extensive 
research, development and production in piezoelectric ceramics 
both in Britain and America. It could be the hub upon which 
your own progression is destined to turn .. . and T.C.L. now 
invite you to let them apply it in your ultrasonic programme. 
To that end, Design engineers and others interested in the 
application of piezoelectric ceramics are urged to request a copy 
of the T.C.L. brochure. 


piezoelectric ceramics now available 


@ TCL3=a very stable barium titanate material, well established. 
@ TCL4= high temperature, experimental lead-zirconate titanate. 


@ TCL6=similar to TCL4, but having a higher K value. 


TECHNICAL CERAMICS LIMITED 


Wood Burcote Way, Towcester, Northants. Tel. Towcester 337 


Tce 
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SEEING IS BELIEVING 


A demonstration 

8 isworthadozen 
catalogues to users of electronic 
measurement apparatus —that is 
why the Marconi Instruments 
Mobile Demonstration Unit has 
set out on a 6,000 miles tour of 
seven European countries. Equip- 
ped with a wide selection of Marconi 
telecommuni- 


cations 


IN 7 COUNTRIES! 


showroom - on - wheels’ will visit 
Belgium, France, Italy, Austria, 
Switzerland, Germany and Holland, 
that electronic engineers in 
factories, research 

# centres, technical 

colleges and government establishments 
may test the equipment for themselves. 
On completion of its six months tour 
the Marconi Instruments Mobile 
Demonstration Unit will resume 


its invaluable work in Great Britain. 


MARCONI instruments 


MARCONI INSTRUMENTS LTD: ST. ALBANS - HERTFORDSHIRE - ENGLAND 
Representation in 68 countries 
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me] OT ORY 37 Doe 


REGULATED POWER SUPPLIES 


FOR STAR PERFORMANCE AND § 
STABILITY ON WHICH TO BASE 
YOUR EQUIPMENT 





Fe ia A T U R & Ss FULL TECHNICAL DATA SENT UPON REQUEST 


%& Price range from £70. * Stability up to + .002%. ¥& Thirteen models to choose from suitable for 
rack or bench mounting and complete with protective covers. * Voltage to 500 v and current to 500 mA. 


¥* Fine voltage control permits accurate setting. 


If these units do not meet your requirements, designs are readily available for voltages to 20 KV or currents to 75 amps. 
Also the makers of the well-known ‘Lektrokit’ the versatile chassis construction system. 


ELECTRONIC 
INDUSTRIES 
LIMITED 
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quietly doing a job 


The photograph above shows a gramophone turntable bank in the 
Sound Control Room at the B.B.C. Television Studios, Lime Grove. 

The arm and pick-up of the GLU9 groove locating units are 
mounted on pairs of SILENTBLOC Square Flange Instrument Type 
Anti-vibration Mountings, whose purpose is to make quite sure that 
no ground vibration interferes with the sensitive instruments and spoils 
absolute perfection of reproduction. 


The B.B.C. are one of the many “perfectionist’”’ customers who 
choose SILENTBLOC Instrument Mountings to do an exacting job. 


SILENT BLOC Speeereneee 


SILENTBLOC LIMITED MANOR ROYAL CRAWLEY SUSSEX 
Telephone : Crawley 2100 Telegrams : Silentbloc Crawley 





SUPERFINE WIRES BY 
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BRITISH 
DRIVER- 


HARRIS 


Manufacturers of precision resistors and potentiometers 
demand resistance wires so fine that they can hardly 

be seen. Some ask for wire with a high specific 
resistance. Others require a comparatively low specific 
resistance but it must remain constant with changing 
temperatures. Yet others call for wire with both a 

high and an unchanging resistance. 

Wires are required in various tempers and finishes, 

for example, hard-drawn, annealed, bright, oxidised, 
enamelled, enamelled and silk-covered—there’s no end 
to the variations needed for different jobs. Fortunately, 
there’s no end either to our ability to meet them. 
Superfine wires are produced from -002 in. (0-05 mm.) 
downwards in alloys which are famous, Nichrome,* 
Nichrome* V, Karma* and Advance*. Alloys which offer 
all the necessary resistance properties. Finishes which 
meet all requirements. It’s not surprising, perhaps, that 
our reputation in the superfine wire field is unique. 





Nichrome* & Nichrome* V Nichrome* (65/15 type 
nickel-chromium-iron) and Nichrome* V (80/20 type 
nickel-chromium) are the alloys most suitable where 
a high resistance is necessary and where the change 
in resistance due to temperature does not hinder 
satisfactory performance. 


Karma®* This is essentially a modified 
80/20 nickel-chromium alloy, developed 


especially for the electronics industry, which 
combines a high specific resistance with a low 
temperature coefficient. 


Advance* Wires of this 60/40 copper-nickel alloy have 
a low temperature coefficient and a fairly high specific 
resistance—important properties in precision resistors 
which must have constant resistance over a wide 


temperature range. 


For further information write for Data Sheet No. \, a 4-page booklet 


containing comprehensive technical information. 


*REGD. TRADE MARK 


BRITISH DRIVER-HARRIS CO LTD 
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FIXED FREQUENCY AND 


























MULLARD Bosic Range of Fixed Frequency and Tunable Low Power Magnetrons. Only basic types are listed here. The design 
has been established for fixed frequency and tunable, c.w. and pulsed types from 5 to 10 Gc/s. 





| TYPICAL OPERATION 
Mullard CV or VX | Mode of Frequency } 7 = ipa Soi 
Type Number | Type Number | Operation (Mc/s) Pout; Va la 


| (W) | (k¥) | (mA) | Remarks 





JP5-04 mm _ 5450+30 ...| 70 | 1.05 | 240 | Duty cycle=0.005 
jP8-02 | VX824IC 8800430 ... | 0.8 | 300 | Duty cycle=0.4 
jP9-01 | VXBII4 9375430... | 0.92 | 50 | Forced Air Cooled 





FREQUENCY 





JPTS-O1_... - | $000 to 6000... Forced Air Cooled 
JPT6-0! se — | 6000 to 7000 es | | Forced Air Cooled 
JPT8-OIB.... — 8000 to 8600_~—_—iw«w(W | Forced Air Cooled 


jpTe-Ol =... |: VX8242—iks 8600 to 9150... Forced Air Cooled 


TUNABLE 


JPT9-O1 ‘ii CV2420 iia 9150 to 9600 nae Forced Air Cooled 
JPT9-02 .. | ©CV2421 — 9150 to 9600 ee | Duty cycle=0.05 
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TUNABLE 


A wide variety of small magnetrons has 
been designed and produced by Mullard 
for applications where low cost microwave 


signal sources are required. 


These magnetrons are supplied with per- 

manent magnet packaging. Their weight 

and size is comparatively small and they 

require only a 1 kV d.c. supply for satis- 
factory operation. 

The types intended for pulse applications 
have a high duty ratio and an output in the 
region of 25 watts, while the output of the 
c.w. types is in the region of 10 watts. 
The c.w. magnetrons can be amplitude 
modulated and are particularly useful 
where low frequency square waves are fed 
to selective amplifiers in test equipment. 
The mechanisms of the tunable types are 
constructed for easy operation and long 
service. Three different forms of tuning 
are available—thumb screw for manual 
operation, and gear drive or cam for 
cyclically sweeping frequency bands 
mechanically. 





Among the many applications in the power 
region for which these valves are specifi- 
cally designed are aerial testing and 
microwave bench equipment, microwave 
link transmitters, and radar beacons and 
transponders. 

Write to the address below for details of 
these magnetrons and other Mullard 
microwave valves. 





Mullard 


MULLARD LIMITED 
GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION MULLARD HOUSE - TORRINGTON PLACE - LONDON WC1 
TELEPHONE: LANGHAM 6633 @MVT 385 
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Provides a convenient mechanical drive, in 
which the available range of speed is far 
greater than can be achieved by any other 


form of control, and in which the speed is 
held constant to very fine limits, once set. 


The stability and precision of the instrument 
is such that it is entirely suitable for calibrating 
tachometers, and for general laboratory work. 
, 5 


% Uses special type of split field d.c. motor 
controlled by electronic amplifiers. 


_& Speed stabilised against load changes. 
*% Performance stabilised against supply voltage Se ry () 7 () f ld p 
and frequency changes. 
*% Power available, | h.p. at maximum speed. 


Speed 0-6000 r.p.m. 
Torque O- 21 oz. IMs. 
a 8 


Regulation (change of speed 
when full torque is applied) 6 r.p.m. 


Stability of speed at constant 
torque 2 r.p.m. d S0 
Measurement 5 range meter. 
SSI type M. 
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I a ( 7 PO W E R 
Ihe D.C. 84 is a general-purpose supply unit 
covering the range not easily handled by valves. 
Ihe bulk of the engineering work has gone S V0) s d i s 
into making an inherently simple device 


RELIABLE and CONVENIENT that can be 
covered by our rather unusual guarantee ‘any 


a 
departure from the specification during the W t 60 iN ate 
first 12 months of proper use will be corrected 


free of charge’. 


* s 
% Novel v Sec-action transistor switch handles 
shorts 


*% Voltage smoothly variable o—72 volts in 12 


turns. Additional knob gives EXTRA fink 


incremental control I’ d ( 
Filtered air drawn through front assures 


I.§ amp. continuous rating even in hot rack 





Ye S, it’s protected against blower stoppage 


antennae  WOFt-Cireuits 
type 0.0. 84* 
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Start the Year Right / 


with 


Delence 


REGD. 


Boom Year? Zoom Year? Britain's industrial expansion continues and 1960 
may well mark the phase of another upward swing. 

With flat-out production come the problems of delivery, of new materials, of 
better manufacturing techniques, YOUR problems and OUR problems. 

In the field of electrical insulation, The Delanco Organisation is well equipped 
to meet the challenge, and its extensive manufacturing facilities and technical 
know-how are at your disposal. 

In the raw material section we can offer prompt service on Bakelite sheet, 
Vulcanized fibre, Leatheroid, Presspahn, Ebonite, in commercial and type 
approved grades. 

Our manufacturing section can supply these materials machined to close 
limits, pressed, formed or moulded. Materials can be supplied cut in strips, 
panels or coils. 

BAKELITE TUBE in round, square and rectangular form or machined to 
drawing. 

MICA in all grades and manufactured parts, including radio valve bridges, 
lamp discs, heater elements (wound and tagged), condenser plates, 
commutator micas and segments, washers and discs. 

HIGH HEAT mouldings to withstand continuous working temperatures in 
excess of 250°c. In Epoxy/glass, Polyester/glass, Phenolic asbestos and all 
grades of glass fibre, sheet, tube and rod. 


Start the year right... 
with 


Delonce 


REGD. 


Anglo-American Vulcanized Fibre Co. Ltd. 


CAYTON WORKS -: BATH STREET - LONDON : E.C.1 
Telephone: CLE 3271 Grams: PROMPSERV, AVE, LONDON 


DELANCO WORKS - LEONARD STREET - LONDON - €E.C.2 
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INCREASES PRODUCTION EFFICIENCY IN INOUSTRY 





Two Type 24 A‘ Fluon’ covered probes with a coiled Type 9B ‘ Fluon’ 
covered Telstor probe made by Fielden Electronics Ltd., Wythenshawe, 
Manchester. 


Tektor Type TT5 Transistorised level controller with associated The new Fielden Tektor Major Level Controller, with associated Type 
lamp unit and type 9B ‘Fluon’ covered probe made by Fielden 24 A ‘Fluon’ covered probe made by Fielden Electronics Ltd. 


Electronics Ltd. 


Fielden Electronics Limited use ‘Fluon’ to cover 


probes for their electronic control equipment 


Fielden Tektor Level Controllers and 
Telstor Level Indicators operate on the 
capacitance principle and consist of an 
electronic unit and a probe, which is in- 
serted into the container at the point at 
which control is required. The principle 
of operation does not require the sub- 
stance being controlled to touch the 
metal probe, which can therefore be 
covered with an anti-corrosive, heat 
resistant insulation. 


IMPERIAL CHEMICAL 
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‘Fluon’ p.t.f.e. is used as a covering 
| for probes to be used at temperatures « 
up to 320°C. because of its excellent 
| dielectric properties and its virtual im- 
munity to attack from most chemicals | ‘ Fluon’ is the registered trade mark 
up to this temperature. Its anti-wetting for the polytetrafluoroethylene 
properties also prevent a film of liquid manufactured by I.C_1. 
forming on the probe which, if allowed, 
could produce a false reading. ‘ Fluon’ 
is a tough, flexible material with the low- 
est coefficients of friction of any solid. 


iCl 


NOUSTRIES LiMiTED - LONDON. s.w.s| 
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Rolls-Royce Altitude Test Plant at Derby 
uses Beckman /Helipot Potentiometers 
exclusively 


for valve position control and 
generation of contro! signals. 


Above: Series ‘C’ Helipot, two gang unit, mounted on Beckman/Helipot precision wire-wound helical potentiometers offer: 
a large control valve at the Rolls-Royce Altitude Test superior resolution . . . superior linearity——-continuous test on produc- 
Plant, Derby. These potentiometers ensure an accurate tion . . . low noise—all ‘pots tested to close specification . . . wide 
and fine control of temperature and pressure in the ambient temperature range ... low temperature coefficient . . . long 
engine test cells, corresponding to the desired altitude life . .. and can be supplied with multiple taps welded to individual 
conditions. wire turns, without reducing resolution. 
Helipots provide reliable, long-life operation, embody- We shall be pleased to discuss your applications and advise suitable 
ing 15 years’ continuous improvements in design and types. All British-made Helipots can be supplied at competitive prices 
manufacture from stock, in a wide range of resistance values. 
Special requirements can be met to order. 
Write for data sheets to Dept. EE3 


Beckman: Instruments Limited 


Glenrothes. Fife. Scotland 


Tel: Glenrothes 551 Telex: 72135 
Sales and Service, England and Wales:- 


WINSTON ELECTRONICS LTD Govett Avenue, Shepperton, Middlesex, Walton-on-Thames 6321 


99422 
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GLASS—METAL 
SEALS 


SHE@ENS EOIZOR SWae iTS 





AND ENCLOSURES 


> ~~) TRANSISTOR HEADERS 


SIEMENS EDISON SWAN LIMITED 


WRITE FOR THEM! 





Do you make hermetically sealed devices involving 
electrical connections? If you do send for these two booklets 
about “‘Ediswan”’ Transistor Headers and Glass to 

Metal Seals. You need this information at your finger tips 
when you’re buying seals or headers because a lot of 
seal-making experience that you don’t get anywhere else 
goes into both these “Ediswan” product ranges. 


Associated Electrical Industries Ltd 


Radio and Electronic Components Division 
PD 16, 155 Charing Cross Road, London, W.C.2 


Telephone GERrard 8660. Telegrams Sieswan Westcent London 
CRC 16/10 
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precision products... 
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A new group of terminal pins to 
meet the recommendations of B.S.S. 
3081 : 1959 and Defence Guide 5007, 
these ultra small parts fit the preferred 
0.0§2 in. hole in printed wiring boards 
and also meet the requirements of 
present-day densities of conventional 
wired circuits. Available from stock, 
of course. 


for quality components 


CLARWIN ENGINEERS LTD 


RODNEY ROAD PORTSMOUTH HAMPSHIRE Telephone PORTSMOUTH 35655 
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bank called M.I.P. 


The M.1.P. Bank is not one of the big five banks. It is a stock bank designed 
solely to assist the customer. 

Thus, when special Pullin instruments are required for a lengthy production 
run a standby supply is ‘banked’ by M.I.P. against the customer's future 
requirements. This ensures that demand is always met and that the manu- 
facturer’s works programme proceeds smoothly. 

If your business entails long production runs and involves measuring 


instruments, why not contact us? The M.I.P. Bank could work for you, too. 


PULLIN FOR PREC IreS ee 


& Dd 
Bes 4 | MEASURING INSTRUMENTS CPULLIN) LIMITED 


Electrin Works. Winchester Street, London, W.3. ACOrn 4651 & 8801 


London Showrooms : 
Electrin House, 93-97 New Cavendish Street, London, W.1. LANgham 4551-6 
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Vue 


"A Ry, 
These screws 


are made 


For many screw applications there is no other 

material with all the advantages of nylon. Nylon screws 

are light with a high dielectric strength and abrasion resistance; 
their specific gravity and coefficient of friction are low; they 

are non-magnetic, chemically inert, and provide excellent insulation. 
And, because nylon screws are inherently self-locking, they make 
vibration-proof assemblies without any need for lockwashers. 


Full technical information freely available on request. 


made specially for scientists by G K4éN 


GUEST KEEN & NETTLEFOLDS (MIDLANDS) LIMITED 





Box 24, Heath Street, Birmingham I8 Teleph Smethwick 1441 Telex 33-239 s/n! s088 
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FOR LOW VOLTAGE MULTIPLE SWITCHING 


A T.M.C. range of §7 vertical Lever Keys has Type Approval from the 
Radio Components Standardisation Committee . . . with this 
distinction : they are the first Lever Keys manufactured in the U.K. to 
receive unqualified approval (Class H2, temperature category — 40°C 
to +70°C) as catalogued in R.C.L 153, Issue 1, pages § and 7. 

These Keys are used in Telecommunications apparatus, Electrical 
Testing equipment, Radio Transmitting and Receiving instruments 
and other appliances requiring low voltage multiple switching. They 
have won an unparalleled reputation for maintaining the highest 
standard of performance over exceptionally long periods. Each is 
produced under the control of a stringent specification and is subject 
to critical adjustment and inspection before it is allowed to leave the 
factory. Other ranges in both Standard and Tropical finishes are also 
available. 

T.M.C.’s knowledge, experience and technical resources will be 
placed at your disposal if you write for full information. 


6 W's € @ae TELEPHONE MANUFACTURING COMPANY LIMITED 
TELEPHONE AND SWITCHING DIVISION 
Hollingsworth Works - London SE21 Telephone GiPsy Hili 2211 
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Which of these could solve your problem? 


Newmarket Transistors Limited have added the 
following transistors to their range: 


The new Noodle Transistor Fast Switching Transistors 
(V15/15NP V15/30NP V30/15NP V30/30NP) (V10/1S V10/2S) . 
. Amplifies at 10 amps 1. Phenomenal peak current performance—will 
American diamond construction interchangeability. ee soe ie 
No fixing screw problems. . lity illi-mucroseconds risetime. 


: alatiton, . 20V collector rating. 
te decaee om Sey "British standard cylindrical construction. 


Cold welded case for increased reliability. 
VHF Drift Transistor 


(V15/20 R) 


1. Oscillates up to 100 M/Cs. 
= plifies os dar aa MCs. te S&S Send for data sheets of these 
3- Jedec 30 case. . transistors. Ask also for copy 
4. Higher operating voltage. re’ of our booklet “‘Semiconduc- 
tor Device Data” if you d 
not already have one 





Cables: Semicon Newmarket 


Newmarket Transistors Ltd 
EXNING ROAD, NEWMARKET, SUFFOLK 
Tel: Newmarket 338! 4. 
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The above photo shows the Analog Computing System which 
was purchased by Harwell and recently installed at the U. K. 
A. E.R.E. Winfrith Heath Laboratory at Winfrith, Dorset, 
England. This System consists of two fully expanded PACE 
231 R Computers, which are of great assistance to scientists 
of this world famous Research Center in their Nuclear Studies. 
Important types of Nuclear Problems that can be solved by 
Analog Computers include the following : Neutron-Flux Dis- 
tribution, Reactor Dynamic Analysis, Radioactive Fallout 
Predicting, Xenon Poisoning in Reactors, Reactors & Power 
Plant Simulation, Linear Proton Accelerator Design, and 
Diffusion Problems. 
Among the outstanding advantages that PACE can offer Nuclear 
Clients are 
* The experience and research facilities of Electronic Asso- 
ciates, world’s leading producers of Analog Computers for 
over 8 years 
High quality and reliability, evidenced by .01%, linear and 
non-linear components - standard with PACE since 1954 
Ability to offer a wide range of linear and non-linear 
elements, together with all types of input and output 
equipment 
Built-in automatic features to ease programming and 
problem preparation, such as ADIOS (Automatic Digital 
Input-Output System), AERO (Automatic Read Out System), 
Automatic Problem Check, and new removable Modular 
Pre-Patch Panel. 
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* E.A.I. sells over 300 systems cach year, ranging in size 
from 10 to over 500 amplifiers, permitting it to maintain 
high quality at economic cost to clients. In the past two 
years 50 PACE Systems have been sold in Europe alone. 

Some of the European Nuclear clients who have purchased 

PACE, in addition to Harwell, are 





FRANCE 

Commissariat a 1 Energie Atomique 
Saclay 

Lab. de Physique Nucléaire 

Univ. de Paris 

Cle Francaise Thomson Houston 


GERMANY 

Brown Boveri 

Telefunken 

Kernreaktor 

Technische Hochschule Darmstadt 
Technische Hochschule Stuttgart 
Deutsches Elekironen- 
Synchroton ( DESY) 


GREAT BRITAIN 

Central Electricity Generating Board 
General Electric Co Lid 

A.E1. John Thompson Nucicar Co 





UK. A.E.A. Industrial Group. Risley 


HOLLAND 

Philips Research Labs 
Reactor Centrum 
K.E.M.A 


ITALY 

Agip Nucleare 

Ca Generale di Elettrictta 
Costruzioni Elettroniche ¢ 
Automatismi (C.E.A.) 


SCANDINAVIA 

ASEA, Sweden 

Institutt for Atomenergi, Norway 
Rekeriaktibolaget 

Nordtjernan, Sweden 

Chr. Michelsens institutt, Norway 
Atom nergi, Sweden 





Skilled Application engineers from the E.A.1. European 
Computation Center in Brussels stand ready to assist European 
industries with their Computer Systems and Instrumentation 


problems. 


DETAILS OF OUR COMPLETE LINE OF PACE COMPUTERS AND INSTRUMENTS WILL BE SENT UPON REQUEST. 


European Computation Center and Continental Sales Office - 43, rue de la Science Brussels 4 - Belgium 


Tel. 11.43.69. Telex: PACE BELGBRU. 
ELECTRONIC ASSOCIATES LTD: Works and Head Office Victoria Road - Burgess Hill - Sussex - England 


Tel. Burgess Hill 26 36. Telex PACE BURGESSHL 
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PRODUCERS OF 


impiaiecie}; 
ANALOG COMPUTERS 


REGISTERED TRADEMARK 
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FAST, LOW COST ASSEMBLY 





SPECIFICATION 


AVAILABLE IN: Any no. of ways up to 40. 
CENTRES: 0.150” or 0.156” as specified. 
CURRENT RATING: 5 Amps at 500 V.D.C. wkg. 
VOLTAGE PROOF: 2 K.V/D.C. 

CONTACT RESISTANCE: <5 m 2 after 1,000 
sizings and exposure to DEF.5000 tropical 
conditions. 

WITHDRAWAL FORCE: 4 to6.5 ozs. per Contact. 


— 79/961-2 
se PD 79/480-2 


J 81/009 


lails accept Amp 98 
Taper Tab 
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81/006 


81/007 


81 /oo8 


contacts: Phosphor Bronze, finished Gold 
Plate on Silver, Silver or E.T. 

Note: 79/480-2 & 79/961-2 Brass only; finish 
as above. 

LAMINATE: Best quality Commercial Grade, 
Grade II; Fibreglass to order. (Fibreglass 
0.150” ctrs. only). 

END Gurpes: Hard Brass; finish as above. 


81/o10 


81/o11 
81/o12 
81/013 


Tails accept Amp 78 
Taper Tab. 














——— 
Double Edge Connector using 
79 ‘961-2 Contacts 


Garr Fastener Company Ltd 


STAPLEFORD, NOTTINGHAM. 
197 GREAT PORTLAND STREET, LONDON, W.I. 
(Langham 3253) 
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"The E"erranti 


= DIGrT VOLT MET =: Ez. 
“ype D101 


The need for instruments capable of measuring 
voltages with a high degree of accuracy and with a fast 
reading time has long been apparent. The Ferranti 3 digit 
voltmeter has been developed to meet this requirement. 
The advantages of this precision instrument will undoubt- 
edly prove attractive to those engaged in the fields of 
automatic testing and monitoring, analogue to digital 
conversion, calibration of moving pointer instruments and 


many similar applications. 


Automatic Ranging and Polarity 
High Accuracy and Resolution 
Fast Reading Time 

Complete Reliability 


FERRANTI LTD + FERRY ROAD 
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SPECIFICATION 


Display Three digit plus automatic polarity indication 
and automatic decimal placement. 


D.C. Volts in 3 ranges 
Automatic 0.01 — 9.99 V 
Ranges 10.0 — 99.9 V 
100V — 999 V 


Accuracy 0.1% of full scale reading on any range. 
Average Reading Time 0.7 seconds. 

Input Impedance at Balance 10 Megohms. 

Input 110 — 250V A.C.50—60 c/s SOW. 
Weight 50 Ibs. approximately. 


a 
Style Bench cabinet 17° x 13° x 104” high with 
optional brackets for standard rack mounting. 


wd @ 
In view of continuing development, the right is reserved,to after 
the specification or design of this instrument. ; . 





EDINBURGH 5 
Telephone. DEAn 1211 
es/Te< 
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ICT 120 


ELECTRONIC 


The 1200 series 
THE MOST 
WIDELY USED 
COMMERCIAL 
COMPUTERS 
IN BRITAIN 


Users say... 


* 30,000 stock items held 
throughout the U.K. 
accurately reviewed each 
month, correcting unbalance, 
excesses and shortages, and 
considerably reducing the 
stores holding.’ 


‘Positive control has reduced 
work in progress by 55°, 
the production cycle by 40°., 
and shortages by 80°.’ 


‘With two computers we 
processed 2,048,000 subsidy 
claims last year totalling 
£47 million, and payment 
was much quicker.’ 


The 1202 general-purpose com- 
puter is a tried and proven 
success in companies both large 
and small. It is the latest ina 
series that has already exceeded 
more than half the combined 
sales of all other commercial 
computers ordered and 
delivered in Great Britain. 


ASK FOR I-C-T SERVICES Special- 
ist Advice, Films, Education, 
Training and Demonstrations. 


ENGINEERING 


Some users of 


(icT) 


1201 and 1202 
computers 


THE MORGAN CRUCIBLE CO. LTD 

MONSANTO CHEMICALS LTD 

BRITISH RAILWAYS, WESTERN REGK 

LCI. LTD (ALKALI DIVISION) 

MINISTRY OF SUPPLY, CHESSINGTON 

PROVINCIAL ADMINISTRATION OF TH 
CAPE OF GOOD HOPE 

IRISH SUGAR CORPORATION 

SHELL REFINING COMPANY LTD 

O.K. BAZAARS (1929) LTD, SOUTH AFR! 

GUEST, KEEN & NETTLEFOLD 
MIDLANDS) LTD 

WEST RIDING COUNTY COUNCIL 

THE GENERAL ELECTRIC CO. LTD, 
BIRMINGHAM 

MINISTRY OF AGRICULTURE, 
FISHERIES AND FOOD 

MIDDLESEX COUNTY COUNCIL 

SOUTH WESTERN REGIONAL HOSPITA 
BOARD 

I-C-T LTD, LETCHWORTH 

BRITISH TIMKEN LTD 

COMMONWEALTH BUREAU OF CENSU=- 
STATISTICS, AUSTRALIA 

H.M. STATIONERY OFFICE 

BRITISH RAILWAYS, DARLINGTON 

GENERAL POST OFFICE 

GENERAL MOTORS 8.A. LTD 

PILKINGTON BROTHERS LTD 

NOTTINGHAMSHIRE COUNTY COUNCI! 

BRIGHTON CORPORATION 

BIRMINGHAM CORPORATION 

MINISTRY OF FINANCE, NORTHERN 
IRELAND 

I-C’T LTD, CASTLEREAGH 

H.M. NAUTICAL ALMANAC 

NOBLE LOWNDES & PARTNERS 

MONTAGUE BURTON LTD 

DURBAN CORPORATION, SOUTH AFR 


International Computers 
and Tabulators Limited 


149 Park Lane, London, W1 


and offices throughout Great 
Britain and overseas 
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THE SERVO MOTOR YOU REQUIRE 


THE EXPERIENCE & KNOWHOW TO APPLY IT 


ARE ALL AVAILABLE FROM 


EVERSHED 


Amplifiers — Power Packs — Armature Rectifier Units 
Gear Boxes — Gear Heads — Motors 0.25 to 100 watts output 


Special purpose A.C. motors 124 to 1000 cycles: 
Synchronous motors — General Purpose D.C. Motors 
Brushless D.C. Tacho Generators — A.C. and D.C. Generators. 


Send for Publication EO.301 which gives full details. 


INSTRUMENTS DIVISION EVERSHED & VIGNOLES LIMITED 
ACTON LANE WORKS - LONDON W.4 - _— Telephone: Chiswick 3670 Telegrams & Cables: Megger London Telex 22583 





7132 
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Cut the extrusion to length 

Mitre the ends of the flanges; special IMLOK jigs make this easy 

Slide the extrusion on to the connectors 

Secure the extrusions in place by screwing tight the fixing screws. There you have a strong 
neat framework, made in minutes 


Strangpressprofil zuschneiden 

Enden der Flanschen gehren: dies wird durch IMLOK-Spezialwerkzeuge erleichtert 

Profil auf die vorgebohrten Verbindungsstiicke aufschieben 

Schraube in jeden Verbindungsarm einsetzen und festschrauben, sodass das Gestell starr v2"- 


bunden ist. 


Couper la longueur de métal extrudé désirée 

Biseauter les extrémités des brides; des gabarits IMLOK spéciaux facilitent la tache 

Faire glisser la piéce extrudée sur des connecteurs préparés d’avance 

Placer une vis dans chaque bras de connexion. Serrer pour obtenir un cadre solide et net 


Corte la extravasacién del largo 

Ingletée las puntas de las alas: las plantillas especiales IMLOK facilitan la operacién 

Deslizase la extravasacién sobre los conectadores ya taladrados 

Coléquese la tuerca en cada brazo conectador. Ajtistese para formar un armazén fuerte y pro 


the IMLOK construction system 





IMLOK — the low cost, unique construction system consists of alloy extrusions and locking 
corner connectors. It’s simplicity itself; you can make precision cases, cabinets—all sorts of 
structures—to your own design, without any tool costs! Imlok is smart, speedy and strong. 
You'll find it a boon for research and prototype work, and often the answer to a production 
problem. Write now for full information. 


IMLOK — das billige, einzigartige Bausystem besteht aus Legierungs-Strangpressprofilen und 
Eckenverbindungen. Es kann nicht einfacher sein! Es erméglicht Ihnen, Prazisionskabinette, 
Kasten und andere Bauarten herzustellen, und dies nach Ihren eigenen Winschen ‘und ohne 
Werkzeugkosten, IMLOK ist anziehend, schnell und fest. Unentbehrlich fiir Forschungs- und 
Prototypearbeiten — und oft auch die Antwort auf andere Produktionsprobleme. 

Bitte fordern Sie volle Einzelheiten an! 


IMLOK —le systéme de construction unique 4 bas prix est constitué de piéces en alliage 
extrudées et de connecteurs de fixation de coins. C’est la simplicité méme! Vous pouvez 
fabriquer des boites et des placards de précision — toutes sortes de structures en fait — 
d’aprés vos propres dessins, sans avoir 4 acheter d'outils. Imlok est élégant, rapide et solide. 
Vous le trouverez d'une utilité extréme dans vos travaux de laboratoires et pour la con- 
struction de vos prototypes; Imlok vous offrira souvent la solution de vos problémes de 
eg ae 

‘our plus de renseignements écrivez nous sans tarder. 


IMLOK — el costo bajo, el singular sistema de construccién consiste de extravasaciones de 
aleaci6én y la cerradura de los conectadores de esquinas. Es simplicidad en si misma: iVd. puede 
fabricar cajas de precisién, bufetes — todas clases de estructuras —a su propio disefio, sin 
costo de herramientas! Imiok es elegante, rapido y fuerte. Lo encontrara un don para trabajo 
de investigacién y de prototipo, y frecuentemente la respuesta para problernas de produccién 
Escriba ahora para detalles completos. 


Alfred imhof Ltd Dept F2, 112-116 New Oxford Street WCIl MUSeum 7878 
Works: Ashley Works Cowley Mili Rd Uxbridge Middx Uxbridge 6231 


IMHOFS AGENTS OVERSEAS 
Australia: Aladdin industries (Pty) Ltd, Denmark: Tage Schouboe, Holland: }. Th. van Reijsen, Delft U.S.A.: Bud Radio Inc, 
Stanmore NSW Copenhagen N New Zealand: imarex Ltd, Auckland C2 Cleveland 3, Ohio 
Beigium: Rogelec, Ghent Finland: Oy Scienta Ab. Helsinki Norway: Birger Christensen, Oslo British Guiana: 
Canada: Measurement Engineering Ltd, Germany: Sunvic Regier GMBH Sweden: Electroniund AB, Malmo C Davsons Carribbean Agencies Ltd, 
Arnprior Solingen—Ohligs Switzertand: Walter Blum, Zurich 2/39 Georgetown 
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THE 


“SYNCHRONOUS 
CHOPPER’ TYPE CKS 








SOME FEATURES 


Low Electrical Noise (designed 
for high-impedance measurements) 


* Contact Settings Readily Adjustable 
* Small Size (Fits standard B9A valve base) 
* Hermetically Sealed 


Associated Electrical Industries Limited 


INSTRUMENTATION DIVISION - Instrument & Meter Department 
Trafford Park, Manchester 17 
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Rapid, 
high-quality 


photoprinting 


and no ventilating system required 


The Ilford AZOFLEX Model 246 Combine printing 
and developing machine (formerly known as Model 
46/35) is designed for use in the print room of the large 
drawing office. It does not produce unpleasant fumes ». | 
and special ventilating systems are thus unnecessary, 
making it a simple matter to move the machine to a 14 © Exposure, development and print 
new position at any time. delivery synchronized for simplicity 
of operation. 
®@ All controls conveniently located for 
rapid, effortless adjustment. 
Pneumatic-assisted handling of 
Originals and sensitised material to 
obviate fatigue. 
Complete design co-ordinated for 
exceptionally high potential output. 
@ Excellent mechanical layout giving 
silent, vibrationless running. 
® Comprehensive maintenance service 
available at nominal cost. 


Capacity: rolls and cut sheets up to 42 in. wide. 
Printing speed: from 2 ft. to 30 ft. per minute. 
Lamp: H.P.M.V. quartz, 3,000 watt. 
Dimensions: height, 58 in., width, 72 in., depth 
(tray extended) 80 in. Weight : approx. 1,400 Ib. 
Subject to certain conditions, the majority of 
AZOFLEX photoprinting machines can be hired 
as an alternative to outright purchase. 


ILFORD Baie 


PHOTOPRINTING MACHINES & MATERIALS 


Full details from 
ILFORD LIMITED, INDUSTRIAL SALES DEPT.AZI8G 
ILFORD, ESSEX. TELEPHONE: IL Ford 3000 
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up goes the ohmic range! 


JAMES A. JOBLING & CO. LTD (makers of Pyrex) 
are pleased to confirm this recent announcement, 

which may be attributed to two factors: Jobling’s improved 
manufacturing techniques; and a vast increase in their 

sales of Metal Oxide Film Resistors. 


AND IN COMES A NEW NAME... 
for easy ordering!... 


Regd. Trade Mark 


The name ‘Electrosil’ now covers all 

METAL OXIDE FILM RESISTORS 

made by Jobling’s. 

These highly stable resistors are now available in values up to 2.2 megohms. 

Two ranges are immediately available in any quantities: 

Style N. high stability resistors in 4, 1 and 2 watt ranges. 

Type Approved to the new RCS (Prov) 114, these resistors offer amazing reliability 
and stability at prices comparable with conventional cracked carbon resistors. 
Style P. Compact, insulated resistors of up to 7 watts capacity. The Style P. range has been 
especially designed for the radio, television and allied industries. 

A HIGHER OHMIC RANGE 

ALL THE ADVANTAGES OF TYPE-APPROVED 

METAL OXIDE FILM RESISTORS 

AND LOWER PRICES 


resistor prices! 


For further information, please write to 
Electrical Sales Department, James A. Jobling & Co. Limited, Wear Glass Works, Sunderland 
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YOU CAN GET THIS 


FROM THIS 








MINIATURE A.C. CLIQ(DPER 


FEATURES INCLUDE |! or 2 change overs— make before break or break before make, as 
required. 
Screened leads and designed space relationships between components 
reducing noise level to the minimum. 
High stability and long life (in typical AC/DC amplifier applications, 
runs in excess of 1,000 hours are considered normal between 
contact trims). 
From 10 to 100 c.p.s. working available. 
Driving power — 10 to 50 m/v Amp. according to frequency. 


Write now for further details to : 


SARA Oreo @ JANIE ELECTROMECHANICAL DIVISION 


BEESTON, NOTTINGHAM ENGLAND - TEL: BEESTON 254831 


HEAD OFFICE : 22 LINCOLN’S INN FIELDS - LONDON, W.C.2 - TEL : HOLborn 6936 


ELECTRONIC ENGINEERING FEBRUARY 1960 








warserg eatin 


FEBRUARY 1960 





EE 18 087 for further details 


ne >a 


knowledgeable 
technicians 


specify 
SUPER 


HIPERM 


for providing 
maximum 
rn ee / 


eo 2 





For Super Hiperm and Alloy and Special Steels 
Low Moor Alloy Steelworks Ltd., Bradford 
Tel.: Bradford 77331 (9 lines) 


For Extrusions: Low Moor Fine Stee's Ltd 
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SILICON 
CONTROLLED 


REUIIEERO 


& 
\ Now IN QUANTITY 
. 


Here are some of the uses 


Silicon controlled Rectifiers 
are used in motor control; 
metathegelameiaiale i 

D.C. to A.C. conversion; 
frequency conversion ; 
phase -controlled D.C. power 
supply; static switching and 
many other applications. 
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Write for leaflet 4481-1 to your nearest AE/ Office or direct to. 


Rectifier 
Type: 


Peak 
inverse 
voltage 


volts 


Mean D.C. 
forward 
current 


Average 
Trigger 
power 


watts 


Rectifier 
Type: 


Peak 
inverse 
voltage 


volts 








CxX10/25 
CX10/50 

CX10/75 

CX10/100 
CX10/150 
CX10/200 
CX10/250 


CX 10/300 





25 


50 


75 


100 








0-1 


0-l 


0-1 


0-l 


01 


0°! 


0°l 


0°! 





CXx5/25 
Cx5/50 
CX5/75 
CX5/100 
CXx5/150 
CX5/200 


CX5/250 


CX5/300 





25 


50 


75 


100 


in 2 





EE 18 089 for further details 


Mean D.C 
forward 
current 


amp. 


Average 
Trigger 
power 


| wore) 
0-1 
0-| 
0-1 
0-1 
0-1 
0-1 
0-1 


0-1 











AKI 


Associated Electrical Industries Limited 


Electronic Apparatus Division 
VALVE AND SEMICONDUCTOR SALES 
LINCOLN, ENGLAND 


FEBRUARY 


1960 
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For Electronics, Radio 
& Telecommunication 


ae 


All qualities from 5 


™~ t 
N ic 4 E L SI LV E R content to 30°,, Nickel content 
AUT OMT AOD cooccnc co 45%, Wicke! consene 


SHEET Maximum width 24”. Minimum thickness 0-006 
M d is”. M dth 4”. 
 oielimaaciamatels 


WIRE Maximum diameter §” Minimum diameter 0-0025 


| Specialities | High finish Nickel-Silver Telephone 
trip an eet conforming to BSS 1824, or to your own specifications for 


the manufacture of Spring contacts, Relay blades, etc 





We also specialise in producing Copper-Nickel Alloys (Cupro Nickel) with 
special resistance properties in the form of Sheet, Strip and Wire 


Established 1845 


JONES & ROOKE (1948) LTD. NORTHWOOD STREET ROLLING MILLS, BIRMINGHAM 3. 
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all this for a dozen oysters 


Well it would work we suppose—but there must be a simpler way. Without our modern 
advantages of electricity and remote control our ancestors often got themselves tied in 
mechanical knots and produced fantasies like this. 


\VETEIAD SOLENOIDS 


cD 
Re VRARE MARK Today, when the problems are so much more complicated, the 


solution is often much simpler—get in touch with Varley’s. 
If your problem is pushing, pulling, punching, prodding at 
a distance or automatically, the answer, proved many times 
in many fields, isa Varley Solenoid. 

TYPE ‘W.M.' Jilustrated 

A solenoid of rugged, welded construction for heavy industrial applications 

which can be supplied to pull or thrust 12 lbs. to 180 Ibs. through |" to7” 

stroke, depending on rating. The coil is vacuum-impregnated and built-in 

Terminal Box and Surge Suppressor are fitted as standard. Base or Flange 

mounting available. This range is C.S.A. approved. 


For full details of Varley Solenoids, write for Illustrated Catalogue S.1 


OLIVER PELL CONTROL LTD 


CAMBRIDGE ROW, BURRAGE ROAD, WOOLWICH, LONDON S.E.18 TELEPHONE: WOOLWICH 1422 
Telegrams: Olipel, London S.E.18 
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Joseph Lucas (Electrical) Ltd. have 
pleasure in announcing the formation 
of a semi-conductor division 

in conjunction with their associated 
company G. & E. Bradley Ltd 


The existing range and all 

future developments of silicon 
rectifiers manufactured by Lucas will 
in future be marketed by G. & E. 
Bradley Ltd 


INNINeLEINI@IINIC 











G&E Bradley Limited 


SEMI-CONDUCTOR DIVISION 
ELECTRAL HOUSE NEASDEN LANE LONDON N W.10 
Telephone Gladstone 0012 


A Subsidiary Company of foseph Lucas (Industries) Ltd 


ELECTRONIC ENGINEERING 





This amalgamation of Lucas 
Research, Development and 
Production Methods with Bradley 
Application Techniques will 

result in a quality product becoming 
readily available at reduced cost. 
Write for catalogue giving full 

details of types available, and infor- 
mation regarding the Applications 
Team Service. 


Joseph Lucas Ltd 


GREAT KING STREET BIRMINGHAM ENGLAND 


Telephone Northern 5252 
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terminus 


This wonderful creature is no mere flight of fancy. 
He is a hard working member of the family of Continental Connectors 
who have recently arrived in this country. 
Currently multiplying rapidly in the Acton area of London 
(where they can be seen in ever increasing numbers), 
these fellows are spreading throughout the country. 
They can be found in a great range of sizes 
in two types, soldered and solderless. 
Being strong, they have an exceptionally long life, all of which 
: makes them an absolute must for collectors. 
Terminalogists who have not yet had the good fortune to see 


one of these creatures close up, and who wish to extend their collection, 


should contact us to obtain specimens. 


CONTINENTAL CONNECTOR DIVISION 


ULTRA ELECTRIC LIMITED 


Western Avenue © Acton * London * W.3 Phone: Acorn 4404 Cables: Radwaves, London 
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regulated - well ventilated - power supplies 





Brandenburg recognize the importance 

of adequate ventilation in regulated unit 
power supplies; and the improved design 
for rack mounting of the new Brandenburg 
“V" range introduces a wide centre 
ventilation. Additionally, there is easier 


access to all components 


polarity 


effective resistance 


stability 
ripple 
input 
output a.c. 


dimensions 


Two of model 
V300/200 mounted in 
one suitable frame 
measuring |7” x 17” x7” 
This shows one of 
many methods of 
mounting these units 


all models—types V and HV 
reversible 

0-1 ohm 
against + or 
less than ImV 
200/250 voits, 50 cycles 

100 and 200 mA models: 4 6-3V, 1-SA. 
350 and 500 mA models: 2«6-3V, 5A. All 
can be paralleled 

100 and 200 mA models: 153” x 53” x 6}” high. 
350 mA models: 153” x 74” x 74” high. 500 mA 
models: two chassis, each 15}” x 53” x 63” 
high. Flanged open chassis, with brackets 
available for converting all models to front 
panel mounting 


10% mains change: 0-02% 





D.C. output 


Model Prices Model 


Volts 
200 
250 
300 
350 


m /Amps| 
V200/350 
V250/350 


V300/350 
V350/350 


V200/100 
V250/100 
V300/100 
V350/100 


£37 10 0 
ex-works 


V200/200 
V250/200 
V300/200 
V350/200 
V400/150 


V200/500 
V250/500 
V300/500 
V350/500 


200 
250 
300 
350 
400 




















D.C. output 


Volts 


200 
250 
300 
350 
200 
250 
300 
350 


m /Amps| 


350 
350 


350 








Prices 


£64 0 0 
ex-works 


£80 0 0 
ex-works 


D.C. output 
High current; =, 
models 


Prices 
Volts Amps 


250 | 
300 \ £140 0 0 


350 | ex-works 


HV250/1A 
HV300/1A 
HV350/1A 


HV250/2A 250 2 
HV300/2A 300 2 
HV350/2A 350 2 


constructed on 19 or 22” front panels and chassis 


£230 0 0 
ex-works 














Brochure on request: for further specifications of this Brandenburg ‘V’ range please write for brochure 


BRANDENBURG LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 
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a wide range of high voltage regulated 
power supplies 


5, 10, 20 and 30 kilovolt regulated supply 





Type $0530, model C 


output 
input 
polarity 
regulation 


50 kilovolt regulated supply 


dimensions 


output current 


output voltage 
polarity 

rippie 
regulation 
input 
metering 
dimensions 
weight 

price 


Type MRSOR 


Type $0530 

1 to 10 kV at 2mA. Model A 

2 to 20 kV at | mA, Model B 

3 to 30 kV at 4 mA. Model C 

SO0V to 5 kV at 2 mA. Model D 
200/250 volts, 50 cycles 

positive or negative grounded available 
against full load: better than 0.5% 
Against mains variations : 

+5%, —10%, better than 1% 

5” Ernest Turner movement 

current metering jack 
standard 19” x 104" P.O. panel 
for rack mounting or bench use 


£125 ~~ 


Models A, B and C can be supplied with 
reversible output polarity at £145 


output 


input 
polarity 
regulation 


Type MR50/R 

5kV to 50kV at ImA 

200/250 voits 

reversible 

against full load: better than 1%, 

against mains variations: -+-5°/,, —5°%. Better than 1% 
W: 24” H: 23” D: 15” 


E245 ern 


100 kilovolt regulated power supply 
Type MR|IOOR—3 models 

0.5 mA. Model MRIOOR/500 

| mA. Model MRIOOR/I 

2 mA. Model MRIOOR/2 

10 to 100 kilovolts, continuously variable 
reversible 

0.1% 

no load to full load: mains variation + 10% and 
—5%,. Better than 1%, 

200/250 volts, 50 cycles 

output voltage and current metered by 5” 
Ernest Turner, Model 605 

overall: H: 4’ 6”, W: 2’ 0’, D: 2’ 3” 

268 Ibs. (121 Kgs.) 

MRIOOR/SOO = £525 

MRIOOR/I £630 

MRIOOR/2 £695 

MOBILE BAS £18 

all ex-works 


E 


Brochure on request: for further specifications of this Brandenburg range of standard high voltage equipment, please write for brochure 


BRANDENBURG 


LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 
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. et 
Computors use 


GRESHAM 16 TRACK IN-LINE HEADS, 
ONE OF 63 STANDARD GRESHAM TYPES. 


TYPE A/25/16/RP 


Number of tracks 

Track width 

Track spacing between centres 
Height of head 

Width of head 

Depth of head over terminal 
Resistance (2 coils in series) 
Inductance (2 coils in series) 


Saturation recording current 
(2 coils in series) 

Playback voltage from saturation 
recording at 10 kc/s at 30 ins./sec 


(2 coils in series) 





GRESHAM DEVELOPMENTS LIMITED 
THIRLESTANE - HOUSE - UXBRIDGE RD. - HAMPTON HILL - MIDDLESEX 
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You can buy 
integrity 


Integrity in people is properly regarded as an 
intangible something that money cannot buy. 
Yet Savage integrity is built into every 
Massicore transformer. It is as much an 





essential part of them as the winding or the 
core; unlike these however it cannot be 
included in a specification, constructed from 


drawings or supplied by the stores. Integrity 
manifests itself only in a piece of equipment 
which has been made by craftsmen, when 
individual attention has been paid to every 
detail, when in fact, amongst transformers, 


it is a Savage Massicore. 


Illustrated is a high voltage rectifier 

filament transformer. The 4v 12A 

secondary winding is insulated to 

withstand a working voltage of 

18 Kv DC and the leads from this 

winding are taken direct to the 

ceramic valveholder holding the 

rectifier valve. This obviates un- 

necessarily long high potential leads. he 
If you have a transformer problem, however 
complicated or simple, write to 


THE LITTLE FACTORY 
WITH THE BIG REPUTATION 


SAVAGE TRANSFORMERS LIMITED 
NURSTEED ROAD, DEVIZES, WILTS 


ne 


Tel: Devizes 932 
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Printed 
Circuit 
Counter 
Panels 


50kc/s Scaler 


1Mc/s Scaler 
A compiete range of transistorized counter 


: 2 input Amplifier 
panels of common size, fixing method 


‘ ; : ; Gate Unit 
and electrical connexion, designed to provide , 


; ‘ 1 i 
a flexible unit system _senateaamemuel 


whereby any special requirements re eee 


in the counting or data processing fields Power Unit 


can be quickly built up. 50kc/s Read-out Scaler 


1Mc/s Read-out Scaler 


A fully illustrated brochure giving é Grint Gilet Unt 


omplete performan n 
=, P P ence and Read-out Unit 


specification figures for : : 
Meter Display Unit 


every panel in the range is , 

Lamp Display Unit 
available on request. 

Numerical Indicator Tube 


Shift Register Stage 
Shift Register Driver 


RANK CINTEL LIMITED 
Worsley Bridge Road: London: SE 26 
HiTher Green 4600 





gales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow; 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4. 
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FOR EXTERNAL CAVITIES 


E.M.I. Electronics Ltd. produces the largest selection of plug-in 
reflex Klystrons available, covering 500 Mc/s -12,000 Mc/s, witha 
further tube under development designed to operate up to above 
20,000 Mc/s. In addition, E.M.I. provides an extensive range of 
suitable cavities, both for narrow and wide-band tuning. 

Plug-in Klystrons offer important advantages, including: 


*« Low Replacement Cost An expensive cavity is not thrown away 
and a replacement tube is very much cheaper than an integral- 
cavity Klystron of comparable performance. (e.g. the RK 6112A, 
an ‘S’ band plug-in L.O., costs £12. 0. 0d.) 

* Practical Convenience Tube replacement is greatly simplified. 


* Consistency of Characteristics Concentration on a limited range of 
plug-in tubes brings benefits in improved electrical tolerances, 
uniformity, reliability and life. 


* Flexibility in Cavity Design Design can be any desired compromise 
between tuning range, frequency stability, weight and cost. 
Latitude is also permissible with resonator shape and type of 
output coupling. 


Full details on application 


E.M.I. ELECTRONICS LTD 


Valve Division - Hayes - Middlesez - Tel: Southall 2468 


EE 58 
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DOING THE IMPOSSIBLE 


Design headaches have a habit of melting away 
after you’ve consulted with Marston. For Marston 
flux-dip brazing of light alloy components makes 
the impossible possible—enables you to do the 
electronic equivalent of getting a quart into a 
pint pot. You can forget about the restrictions imposed on 
design by conventional brazing. You can forget 
about the accessibility of joints. Practically nothing’s 
too awkward or complex for flux-dip brazing, and 
not only does it give you perfect electrical joints at 
every point: you get lightness, strength, rigidity and 
smooth finish as well. If you’ve a design problem— 
whether it’s the assembly of waveguide components, 
the construction of a honeycomb chassis or something 
really complicated—consult with Marston’s experts. The 
chances are that they can help you achieve the impossible. 


MARSTON EXCELSIOR ach 


MARSTON EXCELSIOR LIMITED, FORDHOUSES, WOLVERHAMPTON, ENGLAND. 
(A subsidiary company of Imperial Chemical Industries Ltd.) 


MAR 262 
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SPECIFY TM. capacitors . . . they are right for the job! The extensive range 
includes top-quality, precision types which meet the requirements of exacting 
equipment — but there are, too, the types you’ll choose when the equipment 
is less spectacular and price is the governing factor. So specify T.M.C. and be sure 
of getting the right capacitor at the right price to do a dependable job. 


Please write for further information 


6) (Om CAPACITORS 


TELEPHONE MANUFACTURING COMPANY LIMITED, 
Components Division, Cray Works, Sevenoaks Way, Orpington, Kent. 
Telephone: Orpington 26611. 
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a Tle | 


Ye" 
+— DIMENSION A —> 
AS REQUIRED 





ea TYPE HA2500 











+4 i” dia. 


E echicvernert/ 














This illustration 
is actual size 


. « » G@Nd ANOTHER ADDITION TO THE 
COMPREHENSIVE RELIANCE RANGE 
The TYPE W3 (3 WATT) 
This model conforms with specification DEF-512! style 
RVW 7 & 8 (formerly RAC.RAD) and is a fully sealed unit 


with integrally constructed moulded cover. Also available 
in unsealed version. 


Full technical details 
in Data Sheet 
No. 9 


This illustration 
is actual size : 
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HIGH LAW ACCURACY 


without cam correction 


In this new continuous rotation type HA 2500 
Potentiometer intensive research has made possible 
high accuracy with much improved mechanical 
stability. A precision machined light alloy body, an 
accurately ground ball-bearing mounted spindle - 
a patented design that eliminates cam correction, 
combine to give the following advantages :— 


@ LOWER TORQUE @ LONGER LIFE 
@ REDUCED WEAR @ LOWER COST 


BRIE F oS OSA. 2 AT I ON 


Resistance range ss 100 to 100,000 ohms. 
Law Accuracy (Absolute) + 0.25% or + 0.10% 
(Independent law accuracy to closer limits) 
Maximum Starting Torque... cccccncunenennn 1 oz/in. 
Maximum Ganged Sections ..... Four. 
Maximum Tappings Praia. einiannipniidasaea NN 


Full technical details and dimensional drawings in 
Data Sheet No. 100 available on request. 


If our standard types do not meet your particular 
requirements, our research and development engineers 
are at your service. 


RELIANCE MANUFACTURING CO. (soutHwark) LTD. 
SUTHERLAND ROAD’ HIGHAM HILL‘WALTHAMSTOW: LONDON ° E.1!7. 
Telephone No. (and for Cables) LARkswood 1118/9 
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hats off to, 
/ 


'SIMET 


a Rezed 
RECTIFIERS 


First again! 


Complete range of TYPE APPROVED 
Medium Power Top Hat 


RECTIFIERS 
| SIMET from 


“G" Series Rectifiers, 100 P.1.V.to 800 P.I.V. 


which is the range from which 0:75 AMP AT 25°C —0°5 AMP AT 100°C 
these Type Approved devices 


n COMMERCIAL 
TK 
E.V. SPECIFICATION ! EQUIVALENTS 


have been developed, 


offer high temperature operation Cv 7030 


CV 7029 


—250mA, at 150°C up to 600 P.I.V. Shoes 
CV 7028 


—and high voltage operation 





7027 
up to 1000 P.I.V. att cer 


o2 
and are available from stock hast ° 


COMPONENTS GROUP 
Plessey Semimetals Division 


The Plessey Company Limited 
Woodburcote Way Towcester Northants 
Telephone: Towcester 312 

Overseas Sales Organisation 

Plessey International Limited tford Essex 
Telephone: Iiford 3040 
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Fust think! 


*» How things have changed! 

» Yesterday’s precision measuring 
instruments gave you much 
more precision than you 
generally needed and cost you 
so much more. But today 
Nash & Thompson have 
overcome your problem with 
NASHTONS—the tailor-made 
precision measuring instruments 
that fit your needs like a glove, 
and cost you so much less. 
Now you can buy the way 
you’ve always wanted to—the 
NASHTON way. 





Write or Telephone for full NASHTON specifications to.... 


BMS CCE eae ROR ee A ER OEE OE OPE eh ee 
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jpn SBC EE WLS IGE LE. 


/NA SHTON / 


PW 0 tac ea A 2 BR DRS REA Ss wemnates 


Flash Tester 
400-2000V A.C. 
£26.0.0 


D.C. Stabilised Supply 
Ohmmeter 


r-13V 1 amp. 
7 » 100 - 10,000M2 
£52.10.0 


R.C.C. Bridge 
5 Pf-s00vf 50 - s00M0 
£30.0.0 


Sensitive Valve Voltmeter 
gmV- z00V. 

40 cla- 500 ke/s 

£49.10.0 





/ NASHTON / 


precision measuring equipment 
means accurate economic buying 
0.1 - 1000 volts 


0.01 - 100A These six models are a selection from the wide range of 
£58.10.0 NASHTON miniaturized electronic test instruments available 
for immediate delivery. Designed by Nash & Thompson 
%© meet your everyday needs accurately, efficiently and 
economically, NASHTON units are compact, modern, stream- 
lined, easy to read and operate. NASHTON give you what 
you need most — functional efficiency, not frills. 
Others in the range include the A.C./D.C. Valve Voltmeter, 
Universal D.C. Meter, L.F. Quadrature Oscillator, 0.5 Amp. 
Stabilised D.C. Power Supply, Transistor Tester, Shorted 
Turn Detector, Digital Read-Out Meter, Preferred Value 
Resistance and Capacitance Boxes. 





D.C. Valve Voltmeter 


asn and 


HOOK RISE, TOLWORTH, SURBITON, SURREY Tel. ELMbridge 5252 
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CERAMIC AND METAL 
we ve 
formed them 
into a new 
and perfect 
partnership 


Just suppose you're a nuclear 
physicist... orachemist...ora 
missile man. (It doesn't matter 
which, for nearly every industry has 
a use for what we're talking about). 
And you need a special joint or part 
of some kind for which the old- 
fashioned glass seal will not meet 
the conditions of application. 

It has to have great strength and 
operate in a vacuum. It must stand 
up to shocking vibration and very 
considerable temperatures. It must 
withstand high electrical stresses. 
It may have to be a peculiar shape 
with fins and flanges, and it has to 
be accurate to within a thou. 
Ceramic and Metal is the answer. 
Like the jug and anvil you see here, 
we've formed them into a new and 
perfect partnership. Joined, fused, 
sealed. Ceramic-to-Metal Seals. 
Will you please write to us at the 
address below. We make these 
seals for our own valves: now we 
want to make them to solve your 
particular problem, and feel sure we 
can help you with the enquiries 

for the particular type of metal- 


ceramic seal which will fit your job. 


f VALVE CO. LTD. 


BROOK GREEN, HAMMERSMITH, LONDON, W.6 


a subsidiary of the G.E.C. 
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transformers for 


BRIDGE 
RECTIFIER 
CIRCUITS* 


are included 


2 


11. 


amongst the 7oo 


(a 


standard transformers and 


3lv 


chokes listed, priced and 


60mA to 


fully described in the 


NEW 
loose leaf catalogue 


Every copy of the catalogue sent out is 
numbered and registered in the name 
of the holder to ensure it is regularly 
brought up to date by the supply of 
amendment sheets covering every 
addition to Gardners standard ranges. 


a 


ranging from 100v 
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Please write for catalogue to 


GARDNERS RADIO LTD. SOMERFORD, CHRISTCHURCH 
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Photo- 
electric 
control... 


the simplest system 


Thereis noformof photo-electriccontrol simpler, 

easier, cheaper than that with cadmium sulph- 

ide cells. Nothing more is required than a photo- SUPPLY 
cell, a relay and the power source. If you are VOLTAGE 
designing photo-electric control equipment, or 

are interested in any way, you cannot afford to 

be without full information. Write to Mullard 

for details of photocells ORP11 and ORPgo. 


Photocells 


ORP11 & ORP9O 


@ Sensitive No amplifiers needed. 

@ High Current Robust relays operated direct. 

@ Non-Polar Operation from d.c. or a.c. supplies. 
@ Wide Response Through entire visible spectrum 
to near infra-red. 

@ Low Dark Current Typical light to dark current 
ratio 10,000 to I. 

@ Wide Range of Applications Flame failure detec- 
tion, door opening, automatic lighting control, 
and industrial on/off control are only a few of 
the many possible applications. 


mame Mullard 


Mullard House, Torrington Place, London, W.C.1 


Telephone : LANgham 6633 GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 





PP) MAVT 3688 
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Commentary 


HE 44th Physical Society Exhibition will be in full 

swing, at the Old and New Halls of the Royal 
Horticultural Society at the time that this issue is going to 
press. A review of the Exhibition will be included in next 
month’s issue. This is not only the first exhibition of the 
year, but the first exhibition of the 1960's and it will, no 
doubt, providing our perception is sufficiently good, pro- 
vide us with a small inkling of what we may expect from 
the coming decade. It would, however, take a brave, and 
perhaps foolhardy, man to make a forecast of scientific 
development in the next decade, as indeed it would have 
done in 1950 for, although the signs may be there, as likely 
as not they will appear as insignificant trivialities to all but 
the most gifted of crystal-ball gazers. 

The most dramatic scientific advances during the last 
ten years have, no doubt, been the harnessing of nuclear 
power for the generation of electricity, the advent of super- 
sonic flight and the launching of vehicles into outer space. 
As far as electronic engineering is concerned the many ad- 
vances have had, perhaps, less impact on the layman but to 
those engaged in the profession they have been just as great 
and their effects equally far reaching. 

The greatest single advance in electronic components 
with which the 1950's provided us is undoubtedly the 
evolution of the transistor from a somewhat refractory 
laboratory ‘toy’ to a mass-produced and thoroughly 
reliable component, In connexion with the transistor it is 
interesting to recall that at the 1950 Physical Society Exhi- 
bition, which was of course held at Imperial College, one 
firm exhibited examples of germanium and germanium 
oxide. They also had on exhibition an enlarged model 
showing the constructional details of an improved type 
‘crystal triode’ in which the two ‘catswhiskers’ were re- 
placed by two plates separated by a known and accurately 
controlled spacing. At the Exhibition now in progress 
diffused base germanium transistors are being shown with 
alpha cut-off frequencies up to 600Mc/s and diffused base 
silicon transistors with alpha cut-off frequencies up to 
100Mc/s, while germanium power transistors are being 
shown having maximum collector currents up to 25A and 
voltage ratings up to80V. Also being shown are microminia- 
ture semiconductor solid circuits. These are formed by the 
selection and shaping of conduction paths on and through a 
semiconductor wafer. One example exhibited is a multi- 
vibrator circuit measuring some }in by fin by 1/32in with a 
performance identical to that of a conventional circuit con- 
taining eight resistors, two capacitors and two transistors; 
altogether representing an equivalent component packing 
censity of 30000000 parts per cubic foot! These semi- 
conductor solid circuits use single crystal semiconductors 
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as the basic material, the circuit being formed by diffusion, 
metallic evaporation, alloying and chemical forming. Much 
of the evaporation and etching is controlled by photo- 
graphic masks and these can readily be changed, allowing 
the economical production of even small quantities of 
circuits specifically designed for a given function. It may 
well be that these semiconductor solid circuits hold the 
same place at the 1960 Exhibition as did the jars of 
germanium dust and the point contact model in 1950. 

Turning now from the smallest of components to some 
of the largest of equipments, the digital computer readily 
springs to mind and it is, indeed, a field in which the 1950's 
have seen tremendous developments. At the 1950 Exhibi- 
tion part of the Pilot Model of ACE was shown. A year 
later the Manchester University Automatic Digital Com- 
puter was inaugurated: this occupied two bays 16ft long, 
8ft high and 4ft wide; it contained 3 500 valves, used twelve 
cathode-ray tube stores and a magnetic drum and had a 
total power consumption of some 27kW. It was not until 
1954 that the first commercial ‘ office’ installation was 
made in this country, the machine then used employing 
some 5000 valves and having a power consumption of 
30kW. At this year’s Exhibition a fully transistorized digital 
computer for general office use is shown; it is little larger 
than an office desk, has a 1 000 word main store with pro- 
vision for extension to 10000 words, a basic bit frequency 
of 500kc/s and it is stated that it may be plugged into 
any 230V SA socket. To draw such a comparison is, of 
course, to grossly exaggerate the present position; the 
capacity and speeds of the machines being of somewhat 
different orders. The point to note is that the mercury 
delay line and the c.r.t. memory have largely given way 
to the magnetic core matrix and magnetic tape while the 
valve has largely succumbed to the transistor, but, and 
perhaps above all in importance is the fact that the com- 
puter, which in 1950 was a mystery to all but a few, and 
little more than a subject for music hall jokes for the lay- 
man, is now an accepted part of modern office and factory 
equipment. 

And so, as one goes round the 1960 Physical Society 
Exhibition one is struck by. the vast progress which the 
last ten years has seen and, if one gives thought to the 
matter, the enormity of the problem of conjecturing on 
what the next ten years may bring forth. 

But to finish on a lighter note, probably the device 
which has made the great visual difference to the Physical 
Society’s Exhibition is the Dekatron“: in 1950 they were 
virtually unknown—today they wink 2t one from every 
corner of the hall! 


* First described in ELecrronic ENGINEERING in May 1950 
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A Review of Colour Television in the U.K. 


By R. D. A. Maurice*, Ing. Dr., Ing. E.S.E., A.M.LE.E. 


Since 1953 the British Broadcasting Corporation have taken an active interest in colour television 
and in the intervening years they have carried out a considerable amount of work in determining the 
adaptability of the American N.T.S.C. standards to the British 405 line system. A number of reports 
and a BBC Engineering Division Monograph have been published on this work: the present article 
provides a concise summary for those already versed in colour television technology 


(Voir page 126 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 131) 


N 1953 the BBC took an active interest in colour tele- 

vision and from then until 1958 a great deal of work was 
done with the object of investigating the suitability of the 
American N.T.S.C. colour television adapted to the 405- 
line standard. A number of reports were written culmina- 
ting in a BBC Engineering Division Monograph’. A 
number of lectures on colour television have Keen delivered 
to various polytechnic institutes and other bodies, and for 
these a need was felt to summarize the results in a manner 
suitable for readers already versed in colour television 
technology. This article is intended to fill the role of such 
a summary. 


Compatibility 

In order to achieve complete compatibility the colour 
signal must be capable of using the same channel alloca- 
tion, be receivable in black-and-white on existing receivers 
and preferably be capable of using existing monochrome 
links and transmitters. The colour receiver should be 
capable of receiving a standard monochrome transmission. 


Buzz ON SOUND 

The monochrome receiver sound-channel selectivity at 
840kc/s above sound carrier frequency must be adequate. 

In a field test involving an Alexandra Palace transmitter 
radiating S5kW e.r.p. of vision and 420 members of the 
public (BBC Audience Research viewing panel) the figures 
shown in Table 1 emerged. 

TABLE 1 





PRESENCE OF CHROMINANCE SIGNAL 
MADE BUZZ ON SOUND 


PERCENTAGE OF 
VIEWER-LISTENERS 


no different 95 
slightly louder 4 
moderately louder ! 
very much louder 0 











PATTERN INTERFERENCE DuE To BEAT BETWEEN SOUND AND 
CHROMINANCE CARRIERS 
The difference between the sound and chrominance car- 
riers is 3 500-2 660 = 840kc/s (approx.) and an intermodu- 
lation product at 840kc/s, if produced somewhere in the 
r.f. or if. portions of a black-and-white receiver, could 
give rise to a relatively coarse-structure interference pat- 
tern. Steps were taken before any field trials were under- 
taken to minimize such interference by ensuring that the 
frequency of it would be, like that of the chrominance 
signal, an odd multiple of half the line scan frequency. 
Thus the difference between the vision and sound carrier 
frequencies would have to be an even multiple of half the 
line scan frequency or an integer multiple of the line scan 
frequency. This was arranged to take place at the trans- 
mitter itself by ensuring that 


fe — fe = 4/3 Ge — fed 


Table 2 shows four possible schemes, the fourth being the 
one adopted during the field trials. The first scheme 
shown in the table does not use integral division (2m + | 
not an integer) and does not have the advantage of a 
‘locked’ relationship between chrominance and sound 
carrier frequencies, but it is simpler to instrument since it 
relies on the accuracy and constancy of crystal-generated 
frequencies. 

The results of this particular scheme (No. 4) is to change, 
very slightly, the difference between sound and vision car- 
riers from the standard value of 3 SO00kc/s to 3 543-75kc/s. 
The sound carrier frequency is left undisturbed and the 
vision carrier frequency becomes increased by 44kc/s—a 
negligible amount. 

In a field test involving 484 questionnaires completed by 
engineer-viewers and using a vision e.r.p. of SkW, only 1 


TABLE 2 
Various Means of Minimizing Interference between 
Chrominance, Vision and Sound Carriers 


hits Ite 
(ke/s) (ke/s) 





fe fi 


; hits 
(c/s) (ke/s) 


(ke/s) 


SCHEME 
NUMBER 


2m+1 2n+ 
3500 


2663-0425 | 165-0001927 
2663-043478 | 165” 


50-0984076 i = ‘ 


10-14492754 | 836-9575 _ 


ke ‘ 836-956522 


10125 |: 835-3125. 3493-125 
a 885-9375 #3 





3543-75, 


” 








f,=sound carrier frequency te 
fy =vision carrier frequency 

fe =field frequency 

ISe—fhg=(2m+1) ful2, Ss =9 fis fv—Se 


chrominance carrier frequency 
fi.=line frequency 
m, n and q should be integers 
(2n-4 1) fi/2 


* The British Broadcasting Corporation 
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per cent found the beat pattern intolerable, while 90 per 
cent found it negligible (0-9 per cent in ‘tolerable’ class). 


VERTICAL BaRS DUE TO PRESENCE OF COLOUR BURST IN THE 
LINE BLANKING INTERVAL 
Few receivers are fitted with line retrace black-out 
arrangements so it might be thought that the burst would 
appear as a curtain with vertical folds in it on the extreme 
left-hand side of the image. The burst peaks correspond 
to 15 per cent/O-7 = 21 per cent of peak-white signal 
(neglecting picture ‘sit’ level). In a laboratory test using 
60 observers half of whom were not technically trained 
and 24 domestic monochrome receivers of various makes, 
two observers found the ‘ curtain’ effect unacceptable. The 
scale of criteria used was :— 
invisible 
just visible 
easily visible 
- unacceptable 
Many of the observers disagreed as to which receivers 
showed the effect and although it can be seen on some 
receivers when a white caption on a black background is 
transmitted, it is not considered to have significance during 
a normal transmission. 
In a field test involving 424 members of the public, no 
viewers found the curtain effect ‘moderately annoying’ or 
“very annoying’. 


SYNCHRONIZING TROUBLE DUE TO THE BURST 

The presence of the burst in the post line-synchronizing 
blanking interval can cause loss of synchronism in some 
receivers; however, in a field test using 424 members of the 
public 94 per cent observed no trouble. 


Hum Bars DUE TO ASYNCHRONOUS WORKING 

The standard N.T.S.C. system operates with a crystal 
controlled sub-carrier and since its frequency must be an 
odd multiple of half the line scan frequency (to minimize 
the dot-pattern interference created in monochrome re- 
ceivers by the presence of the chrominance signal) it follows 
that the latter cannot be allowed to vary in synchronism 
with the frequency of the electricity supply mains. When 
the latter departs appreciably from 50c/s, hum bars appear 
on the received image due to inadequate smoothing, etc.. 
in receivers and, to a lesser extent, in transmission equip- 
ment. 

At the time when the field trials were in progress, the 
stability of frequency of the electricity supply was inade- 
quate to satisfy the requirements of the N.T.S.C. system— 
a departure of +0-2c/s from the nominal 5S0c/s could 
scarcely be tolerated and unless mains frequency stability 
improves, it will be necessary to adopt one of two possible 
means of overcoming this difficulty. One means* involves 
changing the ‘ count-down’, from sub-carrier frequency to 
field frequency, in steps when the mains frequency departs 
from the field frequency by a sufficient amount. For 
example, if f; is the field frequency, fr the line frequency 
and f, — f, the chrominance sub-carrier frequency 


fr = fr/2024 
— fl2 
i014 
2 = (fe — f.)/(2n 4- 1) 
so fea f= f/Qn + 
1014 
See 
405(2n + 1)/4 
now let fy — fe = 2 657-8125kc/s. 


but fy 





* Patent Nos. 794908 and 798083 
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Then Table 3 may be constructed. 
TABLE 3 


fF 2n+1 





523 
50 525 
49-8102 527 











Thus, as soon as the mains frequency exceeds S0c/s Dy 
0:19c/s the ‘ count-down’ factor may be changed from 525 
to 523 and so forth. 

Another methodt involves some additional complication 
in the colour receiver and will not be discussed here. 


LACK OF ‘PANCHROMATICITY’ OWING TO THE USE OF GAMMA- 
CORRECTED PRIMARY-COLOUR SIGNALS RATHER THAN A 
GAMMA-CORRECTED LUMINANCE SIGNAL 

The luminance signal in the N.T.S.C. system is 
Ey’ = 0:3E,' 0:59Eq'’ + O-11ER"” 

instead of (0-3ER 0:59E« 0-11Ex)' The latter 

signal, if received by a monochrome receiver, would be 

transformed into display-tube beam current and hence 
brightness as 


[(0-3Ep 0:59Eq + O-11Es)) 

O-3Ex + 0-59E« OLE: 
which truly represents brightness or luminance; however, 
the N.T.S.C. luminance signal Ey’ when raised to the 
gamma by the monochrome display will become 

(Ey’) (0-3Er'? +0:59Eq'” + O1LER') 
Whenever a grey colour is being transmitted all is well 
because 
Er = Eo = Ex = K<l 
(Ey’) {[K'” . (1)] K 
0-59 0-11 1 and the true luminance is 


whence 
because 0:3 + 
obtained. 

Consider, now, the transmission of a saturated blue scene 
for which Ex Ea 0, Ex = 1 

(Ey’) = (O-11Y 

= 0-004 if + 24 
instead of 0-11 had the true luminance been reproduced. 
This is 1/36" of the correct value and it is seen that the 
reproduced black-and-white image is no longer pan- 
chromatic. 

If the monochrome receiver is fully responsive to signals 
at sub-carrier frequency, however, it is found that the 
presence of the chrominance signal forms an effective com- 
pensation for this error. The curvature of the beam- 
current-to-grid-voltage characteristic of the display tube 
rectifies the chrominance signal, thus raising the mean 
brightness of coloured patches (in the original scene). This 
compensation can reduce the error considerably and. 
in the case of a. saturated blue patch, the brightness 
can be raised from 1/36" to 4 £4of the gorrect 
value. Thus the’ presence of the dot structure due to the 
chrominance signal can be of use in restoring ‘ panchroma- 
ticity’ to the monochrome picture. 

In a field trial of picture * quality’ involving 424 mem- 
bers of the public a short colour film was transmitted twice, 
once with chrominance signal present and once without it. 
Sixty-one per cent of the viewers graded the film the same 
for the two transmissions and the net result of the change 
in gradings for the remainder of the viewers was that 11 
per cent preferred to have the chrominance signal present. 
The grades were ‘ excellent’, ‘ good’, ‘ moderate’, * poor’, 
“very poor’. 


+ Provisional Patent No. 17462/55. 
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INTERFERENCE CAUSED BY THE CHROMINANCE SIGNAL 

The dot pattern which appears on monochrome receiver 
screens in areas of the televised scene which are coloured 
is the least acceptable feature of the compatible picture. In 
other words, band-sharing is only moderately successful. 
The chrominance signal may be regarded as an interfering 
carrier at 2:-66Mc/s below vision carrier frequency and for 
saturated red it is only 7-3dB below vision carrier ampli- 
tude. (Ratio of greatest chrominance carrier amplitude to 
peak-white vision carrier amplitude is — 13-2dB not forget- 
ting that the chrominance carrier is a single sideband of 
the vision carrier.) The arrangement whereby the chromin- 
ance signal frequency is made equal to an odd multiple of 
half the line scan frequency would be completely effective 
for any ratio of chrominance to luminance if the eye 
integrated completely over a twelfth of a second and if the 
display tube had a gamma of unity. Neither of these 
conditions is completely fulfilled and the result is that the 
‘ odd-multiple ’ technique becomes decreasingly effective as 
the chrominance-to-luminance ratio increases. 

In a field test involving 113 questionnaires completed by 
engineer-viewers, 10 per cent found the dot pattern moder- 
ately or very annoying, while of 424 members of the public, 
5 per cent gave opinions in the same categories. Slides and 
films were used in these tests and if the most unfavourable 
opinions were noted for each slide and not averaged over 
the several slides, then the percentages of opinions in the 
‘annoying’ classifications were higher. It is considered 
reasonable, however, to discount these maximum gradings 
in favour of averaged ones since it is probably not usual 
to classify an entire programme on the basis of the quality 
of one short portion of it. Some earlier tests involving 524 
engineers gave somewhat more favourable answers; a total 
of between 3 and 4 per cent in grades: ‘somewhat objec- 
tionable’, ‘ definitely objectionable’. 

The dot pattern interference is, of course, more visible 
on 2lin receiver screens than on smaller ones and it may 
be desirable to fit ‘ notch’ or band-eliminated filters in the 
video circuits of 2lin receivers if colour broadcasting is 
adopted. 

There are two reasons why this form of interference may 
be less obtrusive in the U.S.A. than in the U.K. First, the 
picture frequency is 30 a second and so flicker integration 
by the eye may be more effective (if brightness of American 
screens has not been raised to the flicker value as it has been 
in the U.K.). Secondly, it may be that American receivers 
are less responsive to signals at 3-59Mc/s (the frequency 
of the American chrominance sub-carrier) than are British 
receivers to signals at 2-66Mc/s. 

The adoption of the system known as ‘ chrominance out 
of band’ would completely eliminate dot-pattern interfer- 
ence, but it is scarcely feasible for use in Bands I and III 
as there is virtually no spare channel space. 


CONCLUSIONS WITH REGARD TO COMPATIBILITY 

Although the percentages of observers who found the 
dot-pattern interference in the ‘annoying’ category were 
somewhat high, the percentage obtained by taking all un- 
desirable features together and grouping them in accord- 
ance with the subjective grades given by the observers 
were as shown in Table 4. 

This table is based upon classifying questionnaires in 
accordance with the least favourable average grade given 
by a viewer when a number of different still pictures were 
presented to him, or the actual least favourable grade given 
by an observer when viewing a motion picture pro- 
gramme. 

It should be remembered that the presence of the dot 
pattern almost completely restores panchromaticity to the 
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TABLE 4 





SOME- 
MODER- VERY WHAT 
ATELY (ANNOYING OBJEC- 
ANNOYING} (per cent) | TIONABLE 
(per cent) (per cent) 


DEFINITE- | UNUSABLE 
LY OBJEC- | (per cent) 
TIONABLE | 
(per cent) | 


TYPE OF | 
VIEWER 


Engineers 


Members 
of Public 2 


4:8 


1-8 











black-and-white picture and this may be why there was a 
surplus of 11 per cent of viewers who preferred the mono- 
chrome pictures when the chrominance signal was present. 

From these figures and others, the BBC has concluded 
that the N.T.S.C. system is adequately compatible for 
transmission in Band I. 


Features of Reception in Colour 

PRESENCE OF DoT PATTERN AS IN COMPATIBLE RECEPTION 
AND THE EFFECT OF ITS REDUCTION ON THE SHARPNESS 
OF THE PICTURE 

Colour receivers should contain a ‘notch’ or band- 
elimination filter to remove the chrominance signal from 
the luminance channel at a point after the composite signal 
channel has been divided into the two separate chromin- 
ance and luminance channels. The presence of 
chrominance signal in the display-tube beam currents will, 
in the colour receiver, not only cause a dot pattern to be 
visible, but will also raise the luminance of coloured areas 
by rectification as already explained. In a colour receiver, 
however, the individual primary-colour signals, each carry- 
ing its own correct luminance, are fed to each primary- 
colour display-tube gun and any increase of luminance due 
to rectification of chrominance signal will cause desatura- 
tion of coloured patches—a far more serious error than 
the loss of panchromaticity suffered in low-bandwidth 
monochrome receivers due to the reception of a luminance 
signal Ey’ composed of gamma-corrected primary colour 
signals instead of the reception of a gamma-corrected 
luminance signal. 

In a number of different tests forming part of the field 
trials during which slides, film and television cameras were 
used, 11 per cent of opinions in the ‘somewhat objection- 
able’ or ‘definitely objectionable’ classes was the least 
favourable percentage. This figure resulted from closed- 
circuit laboratory tests representing high-field-strength and 
low-noise conditions. It is interesting to note that whereas 
motion pictures caused the dot crawl to be more apparent 
on monochrome compatible reception, this was by no 
means always the case during colour reception. Camera 
pictures were no worse than film or slides in causing dot- 
pattern interference. Of course, the dot-pattern interfer- 
ence varies in accordance with the saturation of the colours 
being transmitted. For some high-power (55kW e.r.p.) 
field trials during which film as well as camera ‘shots’ 
were chosen for programme interest rather than technical 
features (such as high saturation), the percentage of 
opinions in the ‘ objectional’ categories did not exceed 1. 


COLOUR SYNCHRONIZING DIFFICULTIES 

Synchronous detection was rather feared by engineers 
who had had no experience of it, but although colour syn- 
chronizing difficulties were occasionally encountered, these 
were invariably due either to poor receiver design or to 
definite receiver faults. It can even be stated that, as 
Richman implies’, there is more colour synchronizing in- 
formation transmitted than is required and more than is 
transmitted in monochrome television for the scanning 
circuits. 
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COLOUR TRAILING DUE TO MOVEMENT IN THE SCENE 

It was thought, at one time, that the red and green 
fluorescing phosphors in the display tube would have rather 
long afterglows, but in practice, a slight blue afterglow is 
visible exactly as in modern monochrome tubes. These 
produce white by a combination of blue and yellow and 
the latter has a shorter afterglow than the former. 


MULTIPLE-IMAGE EFFECTS DUE TO MULTI-PATH PROPAGA- 
TION 

It was feared that this form of interference might be 
more serious with a colour transmission with its chromin- 
ance information situated 2-66Mc/s away from the vision 
carrier frequency. This was found not to be the case. 
Trouble due to multi-path reception was completely negli- 
gible in channel 1, except during some tests involving a low- 
power transmitter at Kingswood, Surrey, and a mobile 
laboratory which undertook reception tests in the very hilly 
terrain in and around the North Downs. In this case 11 
per cent of opinions were in one or other of the ‘ objection- 
able’ categories. 


CoLour FIDELITY INCLUDING REVERSE COMPATIBILITY 

This feature is highly dependent upon the colour fidelity 
of film and slides used in the tests. That this has been 
revealed by the tests shows that photographic colour 
fidelity leaves something to be desired—at least if very 
careful selection of material is not undertaken. The re- 
placement of one colour film by another caused the per- 
centage of ‘ objectionable’ opinions to fall from 32 to 3 
in a certain high-power field trial. In a final series of tests 
the ‘ objectionable’ opinions were: 


Motion picture film: 9 per cent. (35mm: 2 per cent, 
16mm: 13 per cent). 


Slides: 4 per cent. 
Camera pictures: 14 per cent. 


These relatively high percentages indicate that three-tube 
camera and three-gun receiver colour balances are not easy 
to achieve and furthermore, receiver stability as regards the 
primary-colour signal channels is not all that it might be. 

With regard to reverse compatibility, that is, the ability 
of a colour receiver to reproduce achromatic images from 
a monochrome or black-and-white transmission, those who 
have had experience of viewing colour television would 
probably agree that slight patchiness of colour in an other- 
wise achromatic image is not quite as important as a 
habitual monochrome viewer might suppose. One receiver 
gave rise to 17 per cent of opinions in the ‘ objectionable 
categories, but an average of many receivers gave 11 per 
cent on slides and a lower percentage on film. 


MISREGISTRATION OF THE PRIMARY-COLOUR IMAGES 

This can occur in receivers of the three-gun tube variety 
or in cameras employing three separate pick-up tubes. 
Trinoscope displays may also suffer since they have an 
image-registration problem of the same order. 

Thus with film and slide transmissions originating from 
flying-spot scanners misregistration arises only in the 
receiver. It should therefore be identical on colour and 
monochrome transmissions provided a colour receiver is 


TABLE 5 





CAMERAS 
(per cent) 


FILM 
(per cent) 
Colour | 

transmission 3 17 





Monochrome 
transmission | 
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being used. In general, this was found to be the case, 
even when a considerable percentage in the ‘ objectionable * 
category was encountered. There were, however, some 
exceptions. In a final high-power test involving motion 
picture film and cameras, the ‘ objectionable’ percentages 
shown in Table 5 were found. 

Misregistration is the least favourable feature of colour 
television as at present conceived, but it should be noted 
that it is not caused by the method of coding and decoding 
the colour signals. It will occur with any system in which 
the scene to be televised is analysed or synthesized into 
separate primary-colour images. Receiver and camera 
instability are the main causes of misregistration. 


Cross-COLOUR 

Unless a ‘ notch’ filter is included in the luminance chan- 
nel of a colour transmitter in order to eliminate luminance 
components in the neighbourhood of 2°66Mc/s (where the 
chrominance signal will be) there will be crosstalk or cross- 
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colour interference due to these luminance components 
being synchronously detected by the chrominance demodu- 
lators in the receiver and their subsequent passage through 
the colour-difference channels and treatment as colour 
signals. For example, the 24Mc/s bars on Test Card C 
will appear as a spurious colour signal having a frequency 
of 2:66-2-5 = 0:16Mc/s. The effect of the inclusion in the 
luminance channel, of a notch filter about 400kc/s wide 
and 20dB deep is to reduce the percentage of observers 
who report the phenomenon as being in one way or another 
‘objectionable’ from a maximum of 9 to 0. The price 
paid for the virtual elimination of cross-colour is a loss 
of resolution at frequencies above 2-4Mc/s. This loss 
need not occur when black-and-white transmissions take 
place since the notch filter may be taken out of circuit for 
these. If the notch filter is intended to allow a useful 
contribution to resolution to be made by luminance com- 
ponents having frequencies well above that of the chromin- 
ance sub-carrier, that is, close to 3Mc/s, then it is neces- 
sary to ensure that a reversal of phase does not take place 
when a component below sub-carrier frequency is moved 
to a frequency above sub-carrier. A satisfactory notch 
filter is the one shown in Fig. 1. 
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Noise, RANDOM FLUCTUATION AND IMPULSIVE 

The eye is less sensitive to chromaticity flicker than it 
is to luminance flicker. A very beautiful experiment des- 
cribed in many textbooks on colour television used 1 
random fluctuation noise generator to superimpose a noise 
signal upon a (red + green) = yellow raster. The green 
noise could be polarity reversed with respect to the red 
noise. It was found by a subjective test that viewers could 
put up with 8dB more noise when the two noise compon- 
ents (red and green) were in phase opposition and there- 
fore contributing only to chromaticity. Thus the addition 
of colour to a monochrome luminance picture would be 
expected to add only 1/6-3 (= —8dB) more noise power— 
a negligible amount. This is further reduced, in theory, 
by the ratio of chrominance-to-luminance bandwidth, say 
0-5Mc/s/3Mc/s 1/6. Thus an overall increase of onlv 
1/36 in noise power might be expected. Unfortunately, 
this is not obtained to the full extent because the eye sees 
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Fig. 2. Grading given to noise as a function of field strength 


low-frequency noise more clearly than high-frequency 
noise, thus“ good deal of the luminance bandwidth is not 
contributing fully to noise visibility while all the synchron- 
ously-demodulated chrominance noise is, since the 
chrominance bandwidth is low. A further factor which 
increases the noise contribution from the chrominance 
channel is the existence of any aperture correction in the 
primary-colour signal channels at the picture source. Such 
aperture correction contributes a ‘tipped-up’ noise spec- 
trum to the luminance signal. The chrominance channel at 
2:66Mc/s finds itself situated in that part of the luminance 
channel where the noise spectrum would contribute little 
to visibility, but contributes considerably to noise cross- 
colour by synchronous demodulation into the colour- 
difference channels, thereby undergoing a frequency con- 
version from 2°66Mc/s down to very low frequencies. Once 
again, a transmission luminance notch filter is a great help, 
if the noise is contributed mainly by the picture source 
rather than by the signal-frequency circuits of the receiver. 

Subjective tests showed no change in noise visibility 
under practical conditions of reception on a colour receiver 
between colour or black-and-white transmissions. It 
should be remembered that during black-and-white trans- 
missions the receiver chrominance circuits are inactivated 
by a ‘colour killer’ and so no cross-colour phenomenon 
can occur. This shows that the noise-power addition of 
about 1/36" due to the chrominance may not be far wrong. 
under normal circumstances. Some subjective tests done 
in a mobile laboratory showed that the 8dB advantage due 
to eye insensitivity to chromaticity flicker is reduced when 
the noise level is high enough. Fig. 2 shows the grading 
given to noise as a function of field strength for reception 
by a colour receiver of coloured scenes on the one hand 
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and black-and-white scenes on the other. The ‘colour 
noise’ curve rises more steeply at low field strengths corre- 
sponding to high noise levels. 

There is nothing to report with regard to impulsive inter- 
ference except that close inspection of the individual spots 
of light on the colour tube reveals that they have a bright, 
small black-and-white centre with spread-out coloured 
leading and trailing edges due to the low bandwidth of the 
chrominance channel. 


CONTINUOUS-WAVE INTERFERENCE 

The ratio of wanted to unwanted signal strengths which 
will give a certain level of interference with monochrome 
reception is shown in Fig. 3. 
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Now a colour receiver has two frequencies near to which 
it is highly sensitive to interference. The first is, as with 
monochrome, the vision (or luminance) carrier frequency; 
the second is the chrominance carrier frequency. If the 
chrominance carrier had the same amplitude as the vision 
carrier and if chromaticity flicker were just as visible as 
luminance flicker then the interference curve for colour, 
corresponding to Fig. 3 would be as shown in Fig. 4. 

Now, it is known that about 8dB more interference can 
be accepted if it gives rise only to changes of chromaticity 
so one would expect the dotted curve marked c in Fig. 4 to 
have a maximum at about 45— 8 =37dB instead of at 45dB 
as shown. It must be noted, further, however, that the chrom- 
inance carrier is restricted to an amplitude which is never 
greater than about a quarter of that of the peak-white 
vision (luminance) carrier and in any given area of colour 
it cannot exceed about a half of the vision carrier. This 
fact approximately compensates for the advantage obtained 
from chromaticity flicker, with the result that the curve c 
and the over-all curve shown in Fig. 5 both have maxima 
which reach the 45dB figure at f, and at (f, — 3)Mc/s. 

It is evident from Fig. 5 that co-channel interference with 
a colour transmission is more likely to occur than with a 
monochrome transmission. 


CONCLUSIONS WITH REGARD TO COLOUR RECEPTION 
Misregistration, colour fidelity and noise were the most 
important undesirable features and they were all most 
prominent when colour cameras were used as the picture 
source. This is not discouraging, since it is reasonable to 
forecast improvements in colour cameras. Misregistration 
is a matter of selecting camera tubes and improving the 
camera unit particularly with regard to stability. Colour 
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fidelity is targely a matter of lighting and operating tech- 
nique while noise may be improved in a number of ways 
including the use of cameras with larger targets than the 
3in image orthicons which are at present the only colour 
camera tubes in use. 

The N.T.S.C. method of coding and decoding seems to 
leave little to be desired, although band sharing with a 50 
field-per-second television system may be less effective than 
with a 60 field-per-second system. 


Features of the N.T.S.C. System Likely to be Used in 
Future Colour Television Systems 

Even if compatability will not be required it is most 
likely that a luminance signal will be used, since it does 
seem as if the eye appreciates an illuminated scene by 
taking note of luminance, hue and saturation. 

Tests done partly with the aid of colour television equip- 
ment seem to show that hue demands a tolerance of the 
order of 1/36" although, of course, this figure varies over 
the gamut of colours. Saturation is much more tolerant; 
a tolerance of about 1/5™ being sufficient. If primary- 
colour signals were transmitted then, since a change in any 
one of them of 1/36" would give rise to a change of hue 
which would be of the same order, one would be forced 
to transmit three wide-band high-stability signals instead 
of one wide-band signal (luminance), one narrow-band high- 
Stability signal (hue) and one narrow-band low stability 
signal (saturation). These considerations lead to the con- 
cept of a luminance and chromaticity signal in which am- 
plitude carries saturation while phase carries hue. Such a 
signal package may differ in only two respects from that 
of the N.T.S.C. Band sharing need not be adopted, with 
the consequent advantage to the compatible viewer of the 
absence of dot-pattern interference and the disadvantage 
of having to put up with a non-panchromatic picture. True 
chromaticity might be sent instead of chrominance. This 
would mean so constructing the chromaticity signal that 
while its phase carried hue information, like the chromin- 


ance signal, its amplitude would carry true saturation unlike 
the chrominance signal wherein amplitude carries satura- 
tion multiplied by luminance. 

One aspect of the constant-luminance principle may be 
stated simply as; ‘If two signals are transmitted, one of 
which carries only luminance information, then interference 
with the other signal will make no contribution to 
luminance.” Another principle which might be called the 
constant-chromaticity principle might be stated as; ‘If two 
signals are transmitted, one of which carries only chroma- 
ticity, then interference with the other signal will make no 
contribution to chromaticity.” It is just because the 
chrominance signal carries some luminance as well as 
chromacity that interference in the luminance channel 
contributes to a change of saturation. How much im- 
provement would be obtained by transmitting in conform- 
ity with both constant-luminance and constant-chromaticity 
principles is not possible to say in the absence of subjective 
tests. It is not difficult to think of what might be a suitable 
type of chromaticity signal: 

Ch=1/Y V((R—YY+(B— YJ] sin [wst + arctan 

(R—Y)/(B—Y)) 
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A Tape-Programmed Drilling Machine 


A tape-programmed drilling machine with purely elec- 


trical control has recently been developed by Vero 
Precision Engineering Ltd, Southampton, and will be 
marketed by the Catmur Machine Tool Corp. Ltd of 103 
Lancaster Road, London W.11. 

It is capable of drilling and tapping a pattern of up to 
600 holes of 6 different sizes in any order and this is 
achieved by. controlling both the work position and the 6 
spindle turret head entirely automatically from a punched 
tape. 

The control system, which is manufactured by Airmec 
Limited of High Wycombe, operates by measuring very 
accurately the total angular rotation of the leadscrews, a 
function performed by a positioner unit consisting of a 
series of commutator-type switches. Manual operation, if 
required, is performed from a control panel, and automatic 
drilling is controlled by a plastic tape carrying information 
for up to 600 complete drilling or tapping operations. 

The drilling machine itself is fitted with a 32in by 9in 
co-ordinate table having a longitudinal traverse of 24in 
and a cross traverse of 12in. The positioning speed is 60in 
per minute and an overall drilling accuracy of +0-003in 
is guaranteed. The turret head is fitted with 6 chucks for 
accommodating drills of up to 5/16in diameter, and spindle 
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speeds from 300 to 6 000rev/min are provided. The maxi- 
mum distance from the spindle to the table is 18in. 


The drilling machine and its control equipment 
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ANALOGUE COMPUTER TECHNIQUES 
(Part 1) 
The Solution of Simultaneous Equations, Eigenvalue Problems and 
Polynomial Equations 
By F. C. Harbert*, B.A. 


The first part of this three-part article on analogue computer techniques describes the computer 

arrangements required to solve simultaneous algebraic equations, eigenvalue problems and poly- 
nomial equations using an iterative method. 

The second part will describe a method for obtaining approximate solutions of partial differential 
equations by finite difference techniques. 

The last part will present different computer arrangements required to simulate transportation 

delay using the Padé approximations, illustrated by an example showing the effect of such a delay 

on the stability of a closed loop system and a technique for counteracting its destabilizing effect. 


(Voir page 126 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 131) 


LARGE number of engineering problems require the 
solving of a set of simultaneous linear algebraic equa- 
tions of the form: 


QunX1 + AwX2 + Gist, +...... 
QnXi + AnXe + G3X%3 + 


” 


QniX1 + AneX2 + An3X3+ 


where ai; and c; are real constants and the x; are real vari- 
ables. 

This system of equations may be prepared for solution 
on an analogue computer by one of two methods. Each 
method results in replacing the linear algebraic system by a 
linear differential system whose steady-state solution exists 
and is the solution of the linear algebraic system. The first 
method is the simpler and requires a minimum of equipment 
but can be relied upon to yield stable and convergent com- 
puter solutions only if the matrix of coefficients of the 
algebraic system is positive definite. The second method 
uses twice as much computer equipment but can be relied 
upon to yield stable and convergent computer solutions 
regardless of the arrangement of the linear algebraic system. 

There are classes of problems having the form of equa- 
tions (1) which yield stable solutions on the analogue 
computer without requiring conversion to the differential 
equation form. These may therefore be solved to advan- 
tage by programming directly from equations (1). However, 
there is considerably less assurance that the direct method 
will prove to be stable and it is therefore more satisfactory 
to employ the differential equation form. 

The system in equations (1) is said to be positive if it 1s 
real and if the quadratic form: 

Q=} (aux + aiexx. + 
+ AnXX1 + anx? 


AniXnX1 + An2XnXe2 


constructed from the coefficients and solutions of equations 
(1) is non-negative for all possible combinations of the real 
x;. The system is said to be positive definite if QO is non- 
negative and moreover is only zero when every x; is zero. 


* Louis Newmark Lid 
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Many important physical systems lead to a system of 
equations having a matrix of coefficients which is positive 
definite, these include elastic systems, d.c. networks and 
many architectural structures. The criterion is not satisfied 
in general for a.c. networks. 

If the system is thought to be positive definite, equations 


Fig. 1. Computer diagram for solution of positive definite algebraic system 


(1) may be prepared for analogue computer solution by 
rewriting in the following form: 

QuXi + AeXe + t ci = —dx,/dt 

GmX1 + AnX2 + n—C2 = —dx,/dt 


” 


+ GynXn - 


a (3) 

This system of equations may be set up directly on to 

the computer as shown in Fig. 1. If the computer solution 

is stable the steady-state values of the variables will clearly 

be the desired solutions to the given algebraic system, since 
then dx\/dt=0. 
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The analytical test for positive definiteness of the alge- 
braic system of equations (1) is difficult to apply and re- 
quires as much labour as solving the system. The practical 
test for positive definiteness would in fact be to place the 
transformed system of equations (3) on to the computer 
and to find whether steady-state solutions are delivered. 
Obviously much time and effort may be wasted if it is not 
known whether the algebraic system of equations (1) is 
positive definite. 

If there is any doubt that the system of equations (1) is 
positive definite, the second method of computer solution 
is recommended. It can be shown that the algebraic system 


Computer diagram for solution of general algebraic system 


of equations (1) may be converted into the following form 
which will always yield stable solutions on an analogue 
computer. 


AynxX, + Appx 


= —dE,/dt 
—dE,/dt 


” ” ” ” ’ 


AX + AeeXe 


or) ” ” : ” 


Gn1X1 + Gn2X2 +........ + QonXn—-Cn = —dE,/dt 
. (4) 
where E; is defined by the equations: 
X1 = anEi + aQnE2+.......... + QnEn 
QnE2+... 


X2. = avk; + . +anwEn 


Xe = Quack 


These equations may be set up On a computer as in 
Fig. 2. 

From Fig. 1 it can be seen that the computer solution 
for equations (1) requires 2m amplifiers. By contrast the 
second method requires 4n amplifiers. However, the assur- 
ance of stable solutions gives the second approach strong 
advantages. 

ACCURACY 

The accuracy of computer solutions is a direct function 

of the quality of the computing equipment and the 
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accuracy to which the potentiometers may be adjusted 
It is difficult to obtain accurate solutions to ill-conditioned 
systems of equations by any method. The accuracy of com- 
puter solutions obtained by either of the methods outlined 
above may be improved to any desired extent by employ- 
ing a formal iterative process. 

Assume that there is a set of approximate solutions to 
the system of equations (1) which will be denoted by 
xi’, Xo, X5',.... 2%. AS approximate solutions, these values 
differ from the exact solutions by small quantities which 
will be denoted as Ax, Ax: 


and therefore: 


, 


pix’ + An2X 


where r; are called residues 
Combining equations (6) and (7) 


au(x: + Ax) + ailx. + Ax)+..+ain(tn + Arn)—c. = 


G(x; + Axi) + aolx, + Ax2)+..+@on(xn + Axn)—c, = Ps 


+ Am) + dyolx2 + Ax2)+ .. + on(Xn + AXn)~—Ca = Pn 
(8) 
finally subtracting corresponding members of equations (1) 
and (8): 
anAx + avAx: 4 
AAx + QrAxm +. 


oil x) 


n=0o0 
re = 0 


en. QnAXn : 
+ An AXn 


” 


AnAx + amAXe + Ann AX, —Tn = 0 

Equations (9) have exactly the same form and charac- 
teristic determinant as the original system of equations (1). 
As a result precisely the same computer arrangement 
employed to find the approximate solutions xi may be 
used to solve for the first order corrections Ax; provided 
only that the cj in equations (1) are replaced by r; in the 
solution of equations (9). The values of the residues r; may 
be easily determined arithmetically. 

If the residues are already small, equations (9) may be 
multiplied by 10 or 100 for example and the computer solu- 
tion will yield 10Ax, or 100Ax,. Continuing the iteration 
in the same manner second order corrections may be found, 
etc.,etc.,until solutions are carried out to the required degree 
of accuracy. Even if the coefficients aj in equations (1) 
were not set accurately in the computer arrangement the 
solutions can be obtained by iteration to any required degree 
of accuracy provided the correct values of the coefficients 
ai; are used when determining the residues. 

It has been assumed so far that equations (1) contain 
only real coefficients aj. The methods are, however, applic- 
able to equations where the coefficients aj are complex 
quantities. In such cases equations (1) may be separated 
into their real and imaginary parts whereupon each group 
of equations may be solved by the methods already out- 
lined. In the general case where all coefficients have the 
form djx+ibjy and none of the aj or by terms are zero, 
twice as many computing amplifiers are required as for 
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the general case with real co- 


efficients. 


Eigenvalue Problems 

Most eigenvalue problems may 
be expressed in terms of a system ” 
of linear algebraic equations having (dui - 
the general form: 
bipA)Xn = 0 
benA)Xn =0 


Me (ain 
t (don 


(au — byA) x + (av — bpA)r2 +..... 
(ax bX) x + (dx — bxeX)x: TT. 


(az bmA) x1 + (Gn2 — bn2A)x2 4 + (Gnn — DanA)Xn = O 


2, ! 
Moka Gall 
2 


“Ay, ANOS 


en-in| 


Bn-i.n 





of eigenvalue problems 


where all the coefficients and variables are real. An eigen- 
value is a value of the dimensionless parameter A for which 
there are non-zero values of the x which satisfy equations 
(10). These eigenvalues are the n values of A which make 
the characteristic determinant of equations (10) vanish. 
Practical interpretations of the eigenvalues would be natural 
frequencies, normal modes, buckling loads, critical speeds, 
critical loads, etc., according to the problem. 

Since the equations (10) are homogeneous one may 
divide each equation by x, (assuming x, is not 
zero) to form nm new equations with (nm ~— 1) unknowns 
Wil =%1/ Xn), Yo =X2/ Xn)... .¥n-1(=Xn-1/Xn) considered as 
the new variables. The terms (ain — bwA) up to (aon — 
banA) formerly the coefficients of x, in equations (10) will 
now be considered the constant terms in the new group of 
nm equations. 
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(au buAd)y: + (aa — bwA)y: + 
(au - buA)y: e (ax on bwA)y>2 t 


baiA)y1 + (Gn2 ba2dA)ye - 


bid = 
bopA 


+(di.n-1 — din 1A) Yn 1 + (Gin 
+ (a2 a-3 = bs a \A)ya-1 + (don 


” ” 
” 
-- by n 1A) Vn 


+ (@n.n-1 it (dn 


From these n equations one takes (n—1) and solves for 
the (n—1) variables yi, y2,....yno-1, making use of either 
general method of analogue computer solution already out- 
lined. In this process the computer delivers solutions y:, y:2, 
...-Yn-1 Which depend upon the particular value of A 
(which must of course be introduced consistently in all 


~x. 
= +V +b, 
*3 


residue 


Fig. 4. Solution of cubic V'+b,)*+b,V+b,=0 by residue method 


n — 1 equations). If A is altered continuously, the family of 
solutions delivered by the computer will likewise change 
continuously. 

The single equation from (11) which was not employed 
in solving for the n — 1 variables may be used to compute 
a continuous residue, since values of yi, y2,....yn-1 and the 
corresponding value of A are available from _ the 
first process. As A is changed slowly and _ con- 
tinuously the residue from the single equation will 
be found to vanish and remain at zero for par- 
ticular values of A. These are the eigenvalues which are 
sought, and the corresponding vafues of yi, yo... .yn-1 
are the ratios of the original variables x; which are appro- 
priate to the particular eigenvalue for the system. 

The computer set-up is shown in Fig. 3 (based upon the 
second general method described above for solving linear 
algebraic equations). It is assumed that the value of A is 
introduced consistently by the use of mechanically ganged 
potentiometers. It is also assumed that the last (mn —1) equa- 
tions from (11) are used to obtain automatically the solu- 
tions of the (n—1) variables as functions of A. The first 
of equations (11) is then used to generate the residue. 

Iterative methods as described above are applicable for 
improving the accuracy of the computer solutions for the 
eigenvalues and the corresponding ratios of the variables. 
Extension of the outline given above also permits analogue 
computer solution of problems with complex eigenvalues. 


The Solution of Polynomial Equations 
First METHOD 
An equation of the n™ degree of the form. 
W* + 6y""*+....b.=0 
can be written in the form of the characteristic determinant 
of equations (10) set equal to zero. It is then equivalent in 
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form to the equation of an eigenvalue problem and may be 
solved using the same techniques. 
As an example, take the cubic form 
Vv? +> bv" + boV + b; = 


This equation can be written as 
| V 


(14) 


Equation (14) can be considered to represent the linear alge- 


braic system 
Vx +0 + b3x 


x + Vxx + bex3 = 
x + WV + by)x 


which is clearly in the same form as the basic eigenvalue 
problem of equations (10). The same techniques of analogue 
computer solution can therefore be applied. The eigenvalues 
which satisfy equations (15) are the roots of the cubic, The 
computer set-up is shown in Fig. (4). The first two equations 
are solved for x:/x; and x2/x3; the third equation is used 
to compute the residue. 


SECOND METHOD 
The main disadvantage of the previous method is that it 


A Transistor Curve Tracer 


A comprehensive transistor curve tracer has been developed 
by De Havilland Propellers Ltd with test facilities providing 
the following facilities: 

(1) Automatic Test 

Up to 80 semiconductors can be accommodated and these 
are divided into four banks of 20, each bank being connected 
to a uniselector, Each semiconductor is, in turn, subjected to 
the specified test conditions by the appropriate uniselector and 
the required parameter is displayed on a cathode-ray tube. The 
numbers of the bank and semiconductor under test are shown 
by lights on the uniselector control unit. Any one, or all, of the 
test banks may be selected for test as required, and the banks 
chosen will run through in succession. 

(2) Test Quantities 

Provision has been made to test — one semiconductor at 

a time, or up to 80 automatically. A * single’ or * auto’ switch 
is provided on the supply and ee unit. 

(3) pnp and npn Transistors 

The supply and control unit contains a pnp/npn switch for 
correct voltage polarity. 
(4) Diode Characteristics 

Forward and reverse diode characteristics may be displayed. 
(5) Input and Output Characteristics 

Base currents are supplied by three constant current genera- 
tors, each of which is set and monitored individually. Base 
current switching is either manual or electronic. Electronic 
switching provides a family of seven curves. 

When the specified currents and voltages have been set, and 
the input or output characteristics have been selected by means 
of the switch on the supply and controi unit, the monitor meter 
switch is put to ‘auto’ and the appropriate family of curves is 
displayed on the tube. 

(6) Test Capabilities 

The curve tracer is designed to test signal, medium power 
and power transistors, in any configuration. Sweep voltage may 
be applied as forward or reverse half wave, and full wave. 

(7) Power Limiting 

To avoid excess dissipation when displaying the output 
characteristics, a variable power limiter is provided. The maxi- 
mum dissipation is then controlled by the limiter switch setting. 
(8) Camera Unit 

In addition to the monitor tube already mentioned, a further 
display unit to which a camera is attached is incorporated. The 
camera drive is part of the automatic system, and the camera 
exposure time is set by means of a switch. 

When a trace is displayed a photograph is taken and, as the 
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Fig. 5. Solution of cubic by means of the time integral method 


(B 


omitting amplifier ‘A’, negative roots may be investigated) 


requires ganged potentiometers which are manually 
operated. In this second method time is the variable V 
which is integrated to obtain its powers. Fig. 5 illustrates 
the computer arrangement required to obtain the powers 
of V. From these the residue is computed. The time elapsed 
from the start of the compute sequence to the time when 
the residue is zero gives a positive real solution to the equa- 
tion. Multiplying the equation by —1 makes it possible to 
obtain the negative real values of V which satisfy the cubic. 


(To be centinued) 


next semiconductor is selected, the camera drive moves the film 
along ready to photograph this trace. 

The tube has a calibrated graticule to facilitate subsequent 
analysis of the photographs which contain the following infor- 
mation: 

(a) The selected Input or Output family of curves. 

(b) A graticule with current and voltage axes 

(c) The full-scale values of current and voltage as selected on 

the sensitivity controls. 
(9) Use of Unskilled Operator 

Once the curve tracer has been set up to the specified test 
conditions, the operator merely presses the ‘ start’ button on the 
uniselector control unit. The tracer will then automatically test 
and photograph however many banks of semiconductors have 
been switched in, During this process the operator watches the 
monitor tube and notes down any faulty traces using the num- 
bers shown by lights on the uniselector control unit. Any suspect 
traces may then be examined in greater detail from the photo- 
graphs by a more skilled operator. 

(10) Measurement Of Leo 

A socket is provided for direct measurement of the transistor 

leakage current by the use of a suitable meter. 


The de Havilland Transistor Curve Tracer Unit. The transistors 

under test are mounted in the separate container seen on the 

right of the main console. This container can take the form of 
an oven, a refrigerator, or a humidity cabinet. 
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The Characteristics and Applications of Zener 
(Voltage Reference) Diodes 


By J. A. Chandler*, B.Sc. (Eng.) 


The detailed characteristics of Zener diodes are presented and curves are given showing the ‘varia- 
tion of a.c. and d.c. slope resistance with both current and voltage, breakdown voltage variation with 
temperature, and the forward characteristics of the diodes. 


The general circuit of the simple stabilized supply is considered, with the limitations due to the 

diode and circuit limits. Temperature compensation of the diodes is considered and results 

shown. The stability of the output voltage with input and load variations is given in detail using 

the characteristics already mentioned. The two stage stabilizer is considered and a practical example 

of a high stability reference is given. The results show that a very high stability reference can be 
constructed using relatively simple circuits. 


(Voir page 127 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 132) 


HE Zener diode is a silicon junction diode possessing 

a reproducible breakdown in the inverse direction. 
‘Breakdown’ implies that as the inverse voltage is 
increased, the current remains small until a certain volt- 
age (known as the breakdown voltage), is reached, at 
which point the current increases rapidly with very little 
increase in voltage. 

The breakdown is a function of the diode material and 
construction, and breakdown voltages can be produced 
from about one volt up to several hundred volts, and with 
various current and power ratings depending on the junc- 
tion area and method of cooling. This article is concerned 
with the behaviour of diodes having breakdown voltages 
from 2 to 11V, a junction area of 5 x 10-‘in? and a power 
rating of approximately 2W in free air at 25°C ambient. 
It is proposed, first to describe the complete characteristics 
of these diodes and then relate these characteristics to 
application as a simple stabilizer, voltage reference, and 
finally as a precision voltage reference. 

The simple methods available to obtain stabilized 
supplies of the voltage range considered have been very 
limited in the past, with various types of primary and 
secondary cells being the only possibilities‘. The Weston 
unsaturated standard cell has been the only practical refer- 
ence source, and this has to be used purely as a voltage 
reference with zero current drain. The stability obtain- 
able from the Zener diode enables it to be used with 
advantage as a stabilizer and reference source capable of 
supplying constant current loads to a high order of 
accuracy. 

The diode characteristics presented are in the main 
typical curves, and represent the average values obtained 
from many units, in some cases up to several hundred 
units, The general application data is calculated using these 
typical characteristics, but in cases where typical is not 
mentioned, measured values on individual units are being 
quoted. 


Characteristics 
GENERAL 

Zener diodes in the 2 to 11V range possess the typical 
characteristics shown in Fig. 1. The voltage across the 
diode is plotted against the direct current through the 
diode, and as the breakdown voltage is reached the current 
can be seen to increase rapidly. These curves are of limited 
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use in the design of voltage stabilized supplies, since the 
information they contain is not presented in a form readily 
suited to mathematical treatment, and they. do not show 
clearly the differences between diodes of different voltages. 
In order to present further information and to enable 
calculations to be made, other characteristics are required. 


A.C. SLOPE RESISTANCE 

One useful method of describing these curves is by 
their slope, which is of course a resistance. If this slope 
resistance is measured by a small a.c. signal it is not 
always found to be the same as the slope of the curves of 
Fig. 1 which are taken with d.c. values. This is due to 
thermal effects, since the diodes possess a voltage variation 
with junction temperature. If the current is changed, the 
power is changed and hence the temperature of the junc- 
tion alters, resulting in a slight change of voltage. With a 
small a.c. signal the temperature variation is negligible 
and the true diode resistance is measured. These two effects 
are illustrated in Fig. 2 where a small part of the charac- 
teristics of a diode with a positive temperature coefficient 
is shown. The full lines indicate the d.c. characteristics 





SYMBOLS USED 


Steady current 
Maximum rated diode current 
Minimum rated diode current 
Small change in current 
Per unit change of input voltage 
- A.C. slope resistance of diode 
- Temperature resistance of diode 
D.C, slope resistance of diode 
Stability ratio 
Change in ambient temperature 
Steady voltage 
Voltage due to temperature change 
Small change in voltage 
Temperature coefficient 
Diode thermal resistance 
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for three different ambient temperatures, and the dotted 
line indicates the a.c. characteristic starting from 20mA 
at 20°C. If the current is increased to 21mA, the point B 
is reached, and if this current is sustained the voltage rises 
to point c, which is the d.c. condition. 
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Fig. 1. Typical characteristics of silicon voltage reference diodes (d.c.) 
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Fig. 2. A.C./D.C. characteristics 


The a.c. slope resistance is defined as ‘ The resistance 
of the diode, operating at a given value of direct current, 
to an alternating current which is small in comparison with 
the direct current’. (This avoids first order non-linearities). 

The importance of distinguishing between the a.c. and 
d.c. slope resistance is considered further in a section on 
the diode equivalent circuit. 

By measuring large numbers of diodes, the a.c. slope 
resistance, at a given inverse current, may be plotted 
against breakdown voltage. For this purpose the break- 
down voltage is defined as the voltage at an inverse direct 
current of 20mA, this value of current being arrived at by 
consideration of the slope resistance, consistency between 
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units, and the reduction of noise pulses in higher voltage 
units. 

Fig. 3 shows the typical a.c. slope resistance plotted 
against the breakdown voltage for inverse currents of 
10, 20 and 50mA. It can be seen that these curves are of 
an unusual nature, having a minimum value at about TV, 
rising to a maximum at about 3V, and also rising above 
7V. From experiments performed on units with break- 
down voltages up to 170V it has been confirmed that the 
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ig. 3. Typical curves of a.c. slope resistance against inverse voltage 
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Fig. 4. Typical curves of a.c. slope resistance against inverse current 


rise is continued to high values, e.g. 3000 for a 100V 
diode (at 20mA d.c.). 


VARIATION OF A.C, SLOPE RESISTANCE 

From Fig. 3 it can be seen that the a.c. slope resistance 
decreases as the direct current increases. The typical varia- 
tion with current for the various voltage diodes is shown 
in Fig. 4. 

For the lower voltage diodes up to about 6V, the 
slope resistance is almost inversely. proportional to the 
direct current, as shown by the curves being of hyperbolic 
form. Above 6V, the slope resistance decreases rapidly 
with current, reaching an almost constant value above 


20mA. 
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TEMPERATURE COEFFICIENT 

The other inverse characteristic of great importance is 
the variation in breakdown voltage with temperature. This 
is difficult to depict on a single curve, since it varies with 
diode voltage, diode current, temperature and a.c. slope 
resistance. 

Fig. 5 shows the change of voltage with temperature at 
particular currents, of 4, 5, 6 and 7V diodes. For the 
7V diode the temperature change is linear with tempera- 
ture and almost independent of current. For the 4, 5 and 
6V diodes the change of voltage with temperature depends 
upon both the temperature and the operating current. 

The non-linearity with temperature change occurs in the 
range* 44 to 6V. 

The change in temperature coefficient with a change in 
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Fig. 5. Inverse voltage variation with temperature 


operating current is due to the fact that the temperature 
coefficient depends upon the voltage across the diode, so 
that as the voltage changes with current so does the tem- 
perature coefficient. For the low slope resistance diodes in 
the 7V region the effect is hardly noticeable, but is 
prominent in the region below 6V. The nearest approach 
to a general curve is shown in Fig. 6, which shows the 
temperature coefficient for diodes from 2 to 10V operat- 
ing at 25°C in free air, for 10, 20, 50 and 100mA. In the 
non-linear region of 44 to 6V it can only be taken as 
applying to about a 50°C rise, but above and below this 
it applies up to 200°C. This curve shows that there is a 
maximum negative value in the same region of voltage as 
the maximum which occurs in the slope resistance curves, 
and that the curves cross the zero axis in the middle of 
the non-linear region, so that in practice a zero tempera- 
ture coefficient cannot be achieved over any reasonable 
range of current and temperature. (Garside and Harvey’ 
discuss the temperature behaviour in detail). 


Diope EQUIVALENT CIRCUIT 
The diode equivalent circuit can now be represented as 
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a battery, in series with the a.c. slope resistance and a 
voltage generator representing the temperature effect. 

The temperature effect itself is in two parts, the first 
due to ambient temperature changes, and the second due 
to power changes in the diode. 

If ap is the temperature coefficient of voltage, and AT, 
is the change in ambient temperature, the first effect is 
then given by Vr = ap . AT4. 

In order to evaluate the effect of power changes, the 
thermal resistance, 6, for the diode must be known. This 
is the rise in temperature per unit power dissipation 
(°C/W). If the voltage across the diode is Vp, and the 
change in current is ip, the change in temperature is 
6 e Vo ° ip. 

The total voltage change is then: 


ap (AT, + 6.Vp. 


ip) . 


aa seen eee aoe | 





O-NWA WON 


San EA SEER a 


TEMPERATURE 
COEFFICIENT (mv/C) 
wn + 


Fig. 6. Temperature coefficient against inverse voltage 
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Fig. 7. Typical curves of d.c. slope resistance against imyerse voltage 


— experimental calculated 


The second of these terms, zp .6.Vp.ipn can be regarded 
as a resistance term (even though it is, of course, negative 
for diodes below 5V) but it depends on the value of 6, 
the thermal resistance. The thermal resistance can be 
altered considerably by changing the mounting arrange- 
ments of the diode. For example, a normally wire ended 
unit with 6 = 120°C/W can have this changed to 6 = 
40°C/W by soldering on to a small copper fin. Provided 
that 6 is to be kept constant, then, this term can be added 
to the a.c. slope resistance. 


D.C. SLopE RESISTANCE 

It follows from the previous section that the d.c. slope 
resistance Rp, is the sum of the a.c. slope resistance Rsg:, 
and the temperature resistance Rg. 


Thus: 
Rp = Rs, + Rse cece eseeeseses (2) 


This requires a new graph to show the slope resistance 
Ry against breakdown voltage, and is shown in Fig. 7. 
The dotted line represents the theoretical slope resistance 
obtained by. calculations based on measurements of 
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Ks, 6, and 2p. The full line shows the mean of experi- 
mental measurements made with a precision potentiometer. 
It should be noted that the experimental figures show a 
fair degree of scatter about the typical curve, and the 
agreement can be regarded as very close. 


VARIATION OF D.C. SLOPE RESISTANCE 

The change of d.c. slope resistance with current is shown 
in Fig. 8, and the difference between the a.c. and d.c. 
resistance is made obvious by comparing with Fig. 4. A 
noticeable feature is that at higher currents the low 
voltage diodes have lower slope resistances than the higher 
voltage units. 


FORWARD CHARACTERISTICS 


The forward characteristics of a Zener diode are similar 
in general terms to those of high voltage rectifiers, but 
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Fig. 8. Typical curves of d.c. slope resistance against inverse current 


they are generally found to be sharper, that is having a 
lower slope resistance. This is shown as a full-line curve in 
Fig. 6. The dotted line curve is a mean curve taken for 
high voltage diodes having the same nominal area, showing 
their higher slope resistance. 

The forward temperature coefficient is a function of 
voltage and only secondarily current, but since the majority 
of diodes have close characteristics the temperature charac- 
teristic can be plotted as a function of current, in a 
similar way. to the inverse characteristics. 

The forward characteristics are of small importance for 
reference purposes apart from their uses as temperature 
compensation elements, which are considered later. 


The Stabilized Supply 
GENERAL 

A stabilized supply possesses the characteristics of 
delivering a constant output (voltage or current) unaffected 
by temperature, output load or input voltage, within given 
limits. The simplest example of a voltage stabilized supply 
is provided by a Zener diode and a series resistance, as 
shown in Fig. 10 together with the equivalent circuit. It 
can be seen that if the diode series resistance and the tem- 
perature coefficient were zero the stabilization would be 
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perfect, since the output voltage would equal the diode 
voltage, provided that the input voltage is greater than the 
diode voltage plus the series resistance drop. The problem 
of output voltage variation is considered later, but in order 
to design such supplies the circuit must be analysed to 
determine the limits due to diode current ratings and input 
voltage variation. Such an analysis (for a neon tube) is 
given by Benson’, and assumes a constant voltage across 
the diode. This is included here in order to display the 
effect of circuit conditions and requirements and enable 
a design procedure to be adopted. 


DETERMINATION OF CIRCUIT VALUES 
The determination of circuit values for a particular case 
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Fig. 10. The simple stabilized supply 


requires a knowledge of the following factors: 
Diode voltage Vp 
Input voltage V; 
Per unit change of input voltage k 
Maximum rated diode current /pimax 
Minimum rated diode current [p:min 
Then it is shown in Appendix | that if: 
Tu imax maximum load current 
Tutmin) = Minimum load current 
and Rp, the diode resistance is neglected, 
then: 


Tp max (1 k) Ip min) (A T k) 2 Ironmen (1 4+4)—h min a k) 


This shows that the effect of input variation is to reduce 
the permissible load current swing. 
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For example, consider a diode with current ratings of 
Ipimin) = 20MA and Ip max) =250MA. (That is a 7V diode 
at 50°C). Then with a minimum load current of zero, the 
maximum permissible load current swing is plotted against 
k in Fig. 11(a). 

Increasing the minimum load current decreases the 
permissible swing of load current. In Fig. 11(b) the load 
current change is plotted against the minimum load current 
using k = 0-1, and other values as before. 


Also: 
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Fig. 11. Circuit limits (7V diode, minimum current 20mA, maximam 250m A) 


The previous curves do in fact assume that V; can be 
infinite since equation (3) has been used as an equality. 
To find V; for a given value of I:imax) equation (4) can be 
used. Taking /iimin) = 0, kK = 0-1 the curve of Fig. 11(c) 
is produced. 

It can be seen that as the load current approaches the 
maximum permissible value, the input voltage rises sharply. 
In order to achieve a reasonable efficiency, the load current 
would be limited to about 0-9 of the maximum theoretical 
value. Taking 0-9 Itimax) aS a reasonable load current, the 
variation of input voltage required for various values of 
k can be determined. This is shown in Fig. 11(d). 

Having determined the values of current and voltage to 
be used the series resistance R: is then given by: 

Vill + k) — Vo Vil — k) — Vp 
Vil + k) — Vi tt. ooh 


— € iP _ ene 
1 p(max) 7 Ih min) Ip min) + Tutmax 


In the majority of cases, having ensured that the current 
rating of the diode is suitable for the load current swing 
and input voltage variation, the resistance R; is chosen to 
ensure a given minimum diode current, so the right-hand 
side of equation (3) is used, giving: 

_ Vill — k) — Vp 


Ipimin) + Thimax 


i= 


Ri 


Temperature Compensation 


GENERAL 
It has been shown in a previous section (Figs 5 and 6) and 
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more fully by Garside and Harvey’ that a diode with a zero 
temperature coefficient over a practical range of current and 
temperature cannot be obtained, and so some form of 
compensation has to be used. The forms which suggest 
themselves all use devices with positive or negative tem- 
perature coefficients and are shown diagrammatically for 4 
Zener diode with a positive temperature coefficient in Fig. 
12. For a diode with a negative temperature coefficient 
the sign of the compensating element has to be reversed. 

In this diagram the series and load resistances are 
assumed to have zero temperature coefficient. 

In the first case, shown in Fig. 12(a), an element in series 
with the diode is used. 

The effective diode slope resistance is now the resistance 
of the combination, which means a decrease in stabiliza- 
tion against input changes and an increase in the output 
resistance. 

One advantage of this method is that it does not depend 
on circuit conditions (within its ratings) and so can be a 
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Fig. 12. Temperature compensation (for diode with positive temperature 
coefficient) 


generally applicable device made up by the diode manu- 
facturers. 


The second method, Fig. 12(b), uses an element in series 
with the load resistance, which gives an increase in output 
resistance without increasing the diode slope resistance. 
This is mainly used for constant current loads. Where the 
load current flows in the reverse direction (from a higher 
potential than the diode) the temperature coefficient of the 
compensating element has to be reversed, Fig. 12(c). 

The fourth case, Fig. 12(d) alters the diode current, 
but since a good stabilizer is inherently. insensitive to diode 
current, this is not a practical method. 

Since the d.c. slope resistance is due to a self-heating 
effect, if the compensating element can be arranged to be 
in thermal contact with the diode, the d.c. slope resistance 
of the combination can be lower than that of the Zener 
diode alone, thus improving the stabilization. 

Devices which are applicable for compensation are firstly 
low voltage Zener diodes (<5V), forward diodes and 
thermistors, all with negative temperature coefficients and 
then higher voltage (>5V) Zener diodes, and metallic 
resistors with positive temperature coefficients. 


COMPENSATION BY OTHER ZENER DIODES 

Since both positive and negative temperature coefficient 
Zener diodes are available, the use of appropriate pairs 
would seem an obvious choice. However, the full details 
of temperature coefficients given previously show that the 
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non-linearity of the low voltage units with current and 
temperature renders this unsuitable, (except for diodes 
below 44V) and in addition the high slope resistance of 
these diodes gives a high overall slope resistance or output 
impedance. 


COMPENSATION BY FORWARD DIODES 

The temperature coefficient here is linear with tempera- 
ture, negative, and varies only slightly with current (Fig. 9). 
Used as in Fig. 12(a), the slope resistance of the combina- 
tion remains reasonably low since the forward slope resist- 
ance of a Zener diode is low (Fig. 9). It can be seen that 
the magnitude of the temperature coefficient would balance 
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Fig. 13. Temperature compensation by forward diodes 
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a 5-95V Zener diode, which is slightly non-linear with 
current and voltage. The experimental figures for a com- 
bination of this type are shown in Fig. 13, where the effect 
of the non-linearity can be seen. In order to overcome this, 
a 7:1V diode and two forward diodes presents a better 
choice. Fig. 13 also shows experimental results for a com- 
bination of this type. 

The value of this method of compensation is shown quite 
clearly by these curves, and is a practical proposition, 
since initial selection involves only voltage measurement 
with the temperature measurement only performed on a 
selected number of diodes; the 7:1V diode used in Fig. 13 
was Selected by voltage measurement. 

Used as in Fig. 12(b) the forward diode carries the load 
current, but still provides good compeasation. 

Fig. 12(c) is mainly included to come under this heading 
since it represents the case of a Zener diode in the emitter 
of a transistor (used in a feedback stabilizer) where the base- 
emitter junction is acting as the forward diode. 


COMPENSATION BY THERMISTOR 

The long-term stability of currently available thermistors 
is not known to the author, but in the past they have been 
regarded as subject to random variations in resistance. 
However, they may prove suitable for compensating non- 
linear coefficient diodes. 
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COMPENSATION BY METALLIC RESISTORS 

The voltage change across a resistance is directly propor- 
tional to the current flowing in it, which renders it unsuit- 
able for Fig. 12(a) but suitable for use as in Fig. 12(b) with 
constant current loads. 

This has no disadvantages at constant current output and 
is a very suitable method. 


Output Voltage Stability 

In order to obtain a useful expression for stability, the 
overall performance of the circuit is required. However, 
the variation of output voltage can be separated into two 
components, the first due to input voltage changes, and the 
second due to load current changes. An overall expression 
makes the separation of these components, and an evalua- 
tion of their effects, difficult. Thus the stability will be 
considered in two distinct sections, the first due to input 
changes and the second due to load current changes. 


STABILITY RATIO (SINGLE ZENER STABILIZER) 

Consider the circuit of Fig. 10 with the various voltages 
and currents as shown, and a fixed load resistance R,, and 
assuming that input voltage changes are small, 
then: 

Vi=hRi + V. 


Consider a small change, vi, in V;, 


then : 
Vit+vi 
Now i ip + it 
and J» Jvo/Rp), and in = 
constant). 


R,) (assuming Rp to be 


Substituting in equation (9) 
vi = Ri((vp/Rov) + (ve/ Rv) + v 
vi = vo {1 + Ri((1/Rv) + (1/Rx))} 
In order to obtain a measure of the stabilizing action, 
a useful criterion is given by: 


xo ee 


per unit change of input 


- : —.. (11) 
per unit change of output 

Let equation (11) be known as S, the stability ratio. 
Then S indicates the degree of improvement in per unit 
voltage changes, so if S = 100 and the input changes by 
0-1 (10 per cent) the output changes by 0-001 (0-1 per 
cent). 

Thus: 

S = (¥:/Vi) . Wolo) . (12) 

Substituting equation (10) in equation (12): 


=(V./Vi) {1 + Ri(1/Ro) + C1/Rx))} (13) 


is a function of V;, V. and Ry 
Vi-—V. 
Ip 


Now R 


and R; = and also /; = (V../ Rx) 


so 


! 
S=(WV./V)+(1 — V voz ; Jw Ry) + 1) (14) 
DT I 


This expression can now be examined to observe the 
effect of the various parameters. 


STABILITY RATIO WITH OUTPUT/ INPUT VOLTAGE RATIO 
Using equation (14), and assuming values of V. = 7V, 
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Ip = 20mA, Rp = 4°62 and taking J, = 20mA, the effect 
of changing the input voltage can be determined. This is 
shown in Fig. 14(a) and shows that a high value of 5, 
V./V: must be small, that is V; must be high. In addition 
it was shown previously that the input voltage must be 
high to permit large current swings and input variations. 


STABILITY RATIO WITH LOAD CURRENT CHANGE 

The change referred to here is a change in the mean 
load current, the actual voltage change due to the swing in 
load current is given in a later section. From the previous 
section, taking V./V: as 0'1 and the other values as before 
the curve of Fig. 14(b) is obtained. From this it can be 
seen that the larger the load current the lower the stability 
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Fig. 14. Variation of stability ratio 


STABILITY RATIO WITH OUTPUT VOLTAGE 

In order to evaluate this, the values of diode slope resist- 
ance must be taken from Fig. 7, and again using /1 - 
20mA, V./Vi=0-1 the curves of Fig. 14(c) are produced, 
for diode currents of 20 and S0mA. A maximum is observed 
at 6-2V, (for 20mA) due to the minimum slope resistance 
(at 20mA) at this point, and a maximum at 5-8V for the 
5O0mA curve. If temperature compensation thermally con- 
nected to the diode is used the higher values of voltage 
give higher values of S. 


STABILITY RATIO WITH DIODE CURRENT 

Again considering V,/V = 0-1, I, = 20mA, and taking 
values of /p, the corresponding values of Ry must be deter- 
mined. The manner in which Rp» varies has been shown to 
depend on the voltage, so 4, 7 and 10V diodes are shown 
in Fig. 14(d). 

It can be seen that a peak is observed at about 10mA for 
the 7V diode, but the 4V diode improves with current. 
These curves are all calculated from the typical data and 
any particular diode may vary, especially below 20mA. 


STABILITY WITH OUTPUT CURRENT CHANGE 

If the slope resistance is considered as constant, then the 
output voltage change is the current change multiplied by 
the slope resistance. From Fig. 8, this assumption is seen 
to be reasonable for diodes of 6V and above. 
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Then: 
Vo = (utmax) — [1imin)) Rp (15) 
For diodes below 6V, the slope resistance varies inv ersely 
as the current, (approximately, for 3 to 4V diodes this ts 
a very close approximation). 


So if Rv = (K/Ip) 
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Fig. 15. Output voltage change with load current change 








Equivalent circuit 
16. The double stabilizer 


Theoretical circuit 


Fig. 


y 'D (max) Ip max 
(K/Ip) dlp = K log- _ 
~ Ip min) D\min 


T Tpimi 


I, max) — I. min 


= K log (16) 


Ip max) 


Hence the variation depends on /pimin) aS well as the 
magnitude of the load current swing. 

The output voltage change against load current is shown 
in Fig. 15(a) for 4 and 7V diodes at 20 and 50mA, and 
Fig. 15(b) shows the effect of the minimum diode current 
for a 50mA load current swing. 


The Double Stabilizer 
STABILITY RATIO (DOUBLE ZENER STABILIZER) 

The double stabilizer consists of one stabilizer cascaded 
with a second stabilizer. The arrangement is shown in Fig. 
16, and by a method similar to that given for the single 
Zener stabilizer the stability ratio: 

V. ! ; V> V 
§= V./V; lV (V../Rp:) + 1 
L.Rp 
) V2 V 
, ah a . —___((V./Rv)+h 
(Vo) Rood+ fn) | 7 ( ) 


, 


(17) 
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If the load on the first stage is considered as a cur- 
rent drain /:, and the two stability factors are multiplied 
together, 


then: 


((Vo/ Ros) + I,) 
oie Te 


When the first expression, equation (17), is examined 
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Fig. 17. Stability ratio for double stabilizer 


for the effect of V./Vi and V2/V; it becomes evident that 
expressions (17) and (18) are nearly equal, since V./V2 is 


small compared to 1, and V.l./V2 is small com- 


2—V. 
hRpi 
pared with the rest of the terms in its brackets. 


STABILITY WITH OUTPUT/INPUT/ INTERMEDIATE VOLTAGES 

As would be expected from the previous section, the 
variation of the stability ratio with input/output voltage 
ratio change is similar to the single stage, when a fixed value 
of intermediate /output voltage ratio is considered. It is of 
course much larger, and the variation is shown in Fig. 17(a) 
for the following values: 


Vo.=TV Vs 144V) Rm = 9-4 
Rm = 4:70 Ip: = Tp i = 20mA. 


The further variation which is possible in this case is 
a change in intermediate/output voltage ratio. The effect 
of this is shown in Fig. 17(b) where a fixed ratio of V./V: 
= 0-1 is assumed, and the intermediate voltage is varied in 
steps of 7V, the diodes each having a slope resistance of 
4-70. 

It can be seen that the maximum value of S$ occurs at 
V./V2 = 0-316, which is the point at which V2/V; is also 
equal to 0-316, i.e. where V../V2 = V2/V; (this is inherent 
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for a fixed value of V./V, since S$ is approximately equal 
to S$, . S2). 


The Design of a High Stability Reference 

A unit was required in the laboratory as an adjunct to a 
precision potentiometer to enable the simultaneous measure- 
ment of two variables. The requirements for this supply are 
to give fixed reference voltages of 100, 200 and 500mV to an 
accuracy of +0-1 per cent, and a suitable impedance was 
502 at 500mV, that is a current drain of 10mA. 

From the previous sections, since the unit is to be run 
from the mains with a possible variation of +10 per cent, 
a double stage stabilizer is used, with a high value of input 
voltage (Fig. 17(a)) an intermediate/output ratio near 3 
(Fig. 17(b)) and a diode voltage near 6V (Fig. 14(c)). Since 
the output current is constant, temperature compensation 
by a copper coil in series with the load, and wound on to 
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Fig. 18. Performance of practical circuit 


the body of the output diode is used. In order to obtain 
linearity of the diode temperature coefficient, diodes about 
6°3V are used. 

Taking 6°3V as the intermediate voltage with 60V as the 
input voltage, and running the diodes at the recommended 
current of 20mA, it is found from Fig. 7 that the d.c. 
slope resistance for each diode is 3-6{2. Then from equation 
(17), S = 950. It can be assumed that S§ will be higher than 
this since the temperature compensation is thermally con- 
nected to the diode, so that the d.c. slope resistance will 
approach the a.c. value. If Rp: = 2-02 (assuming the effec- 
tive thermal resistance to be equal to 35°C/W then § = 
1690. 

From equation (6), R 8802 

R2 = 4200 


In order to compensate for temperature changes, a 
copper coil in series with the load is used. 
If Vy is the diode voltage change per degree Celsius, 
Then: 
Vr V copper) = It, & acopper) X Ricopper 
assuming a zero temperature coefficient load resistance. 
For a 6°3V diode, Vy = 2-4mV/°C 


so at 10mA load current, Ricopper) = 552. 
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The performance of the practical circuit is shown in 
Fig. 18, with both input voltage and temperature changes. 
The copper coil was actually increased to 63{2 to give 
better compensation, and the stability ratio can be seen to 
be about 1 750 at the nominal input voltage, which is a 
close approximation to the calculated value. Due to the 
temperature effects being compensated, rapid changes of 
temperature cause larger changes of output voltage than 
shown by Fig. 18. However, by suitable thermal design this 
can be minimized. 


Conclusions 

The characteristics given in the section ‘ Characteristics ° 
are suitable for describing the circuit behaviour of the 
Zener diode in all types of stabilized supplies, and the 
performance can be calculated with reasonable accuracy 
using these characteristics. 

The a.c. slope resistance is a very useful parameter, since 
it is easy. to measure, and provides a suitable check on the 
‘goodness’ of the diode. For a given value of diode volt- 
age, provided that reasonable limits are placed on the a.c 
slope resistance, the temperature coefficient (and hence 
d.c. slope resistance) can be predicted. 

The diode ratings give the limiting values of load 
current and input voltage for a given amount of input 
variation, and it has been shown that if the input varia- 
tions are large, high input voltages or low load currents 
have to be used. 

The temperature variation of breakdown voltage can be 
compensated by several methods, and as shown in the prac- 
tical example, can be reduced to a value much less than the 
temperature variation of a standard cell, over a reasonable 
range of temperature (40°C or more). This points to a 
difficulty encountered in making the measurements, in that 
the variation per degree Celsius of a standard cell (40uV) 
is as large as the variation over 40°C for the Zener diode 
circuit, when the compensation is adjusted correctly. 

The stability ratio enables the effect of input variations 
to be calculated, and shows the steps required to produce a 
high stability ratio. The graphs given in Fig. 14 have been 
verified experimentally with reasonably close agreement. 

The output voltage change with load current alters 
according to the value of the load current change and diode 
current, and for larger changes the lower voltage diodes 
become superior, for the simple air cooled diode. The effect 
of lowering the thermal resistance on the d.c. slope resist- 
ance has been considered, and this improves the higher 
voltage units considerably. 

The double stabilizer circuit, even without the addition 
of refinements such as bridge connexion, enables high 
stability reference sources to be constructed. The practical 
example verifies the validity of the method, and since the 
output current in this case is 10mA, this suggests that 
equipment such as potentiometers could be supplied directly 
from a reference source. Long term precision measurements 
would be required to establish the limit of accuracy 
obtainable ; 
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APPENDIX 
Let Vp = Diode voltage 


V; = Input 
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k = per unit change of input voltage 

Ip max) = Maximum rated diode current 
Ip min) = Minimum rated diode current 
Th.max 
Tu imin 


R; series resistance 


maximum load current 


= minimum load current 


Zimax) = Maximum input current 


Tionin) = Minimum input current 


h max I. min Ip max 


I; min Ir max ‘ Ip mir 


Vill + k) — Vo 


I; mar R; 


Assuming Vp is constant (i.e. Rp = 0). 


Vil — k) -— Vo 


Liiminy = — R, 


So: 
nil + k) - Vp 


Vil — k) 


I pimax r Ii min Ip min T I; 


So: 
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and since V; and Vp are of the same sign 
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A Transistor-Thermistor Feedback Quadrature 
Suppressor 


By I. C. Hutcheon*, M.A., A.M.I.Mech.E., A.M.LE.E., and D. N. Harrison* 


Quadrature effects in a.c. servo systems 


are eliminated if the amplified residual signal is 


demodulated and used to control a negative feedback signal precisely in quadrature phase with the 


a.c, reference. 


A design of suppressor is described which uses transistor pre-amplification and 


two indirectly-heated thermistors to control the feedback. 


(Voir page 127 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite | 32) 


Quadrature Effects in A.C. Servo Systems 
WO conditions must be satisfied for an a.c. servo 
system to arrive at a perfect balance, namely equality 
in both magnitude and phase of the input and the feed- 
back signals. This contrasts with d.c. servos in which the 
only requirement is equality in magnitude. 

If the phase of the input signal differs from that of the 
feedback by as little as one or two degrees, quite substan- 
tial errors may arise in the magnitude of the feedback 
signal, making it no longer an accurate representation of 
the input. 

Consider the servo system shown in Fig. 1(a). A is an 
a.c. amplifier, and M is a servo motor which drives a slide- 
wire contact, so providing a feedback signal of variable 
magnitude and reference phase. Suppose that the input 
signal has two components, namely V; at reference phase 
and V, in quadrature with it, and that the amplifier and 
motor have their maximum response at some angle @ to 
V,. @ should be zero, of course, but it seldom is. 

Assuming the system to have infinite loop gain, it 
balances at a position where there is zero signal at angle ¢, 
i.e. where: 

(V, + Vi) cos o = V, sin 9, 
as can be seen from Fig. 1(b). (More strictly, all the resi- 
dual signal is in the direction of zero response, but this is 
assumed to be @ + 90° and so the two statements are the 
same). The feedback signal at balance differs slightly in 
magnitude from the reference-phase component of the 
input signal, the fractional error being: 

Vi + Vr 

Vi 


= (V,/V:) tan @ = (V./Vr) tan 


very nearly, 


and there exists a residual signal V, sec@ at an angle 
@ + 90°. 

The physical reason for the error is quite simply that the 
quadrature component is capable of driving the motor 
unless @ is zero. Since is the sum of the phase-shift 
through the amplifier and phase errors in the demodulator 
it may in practice be quite large. If the demodulator is a 
two-phase servo motor, for example, production spreads 
in value of the associated resonating and phase-shifting 
capacitors, and of the motor inductance itself may easily 
give rise to errors of 10 or 20°, to which must be added 
any shift through the amplifier. If @ = 20°, then tan o - 
0-36, and a 2 per cent quadrature component gives an error 
of 0-7 per cent in the magnitude of the feedback signal. 


Causes of Quadrature 
Quadrature components may arise in several ways, the 
main causes being as follows: 


* George Kent Lid 
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(a) The combined effect of input signal source resist- 
ance and transmission line self-capacitance. 


(b) Pick-up, either magnetically induced or capacitive. 

(c) Phase shifts through transformers etc. in the input 
line. 

(d) Phase shifts through transformers etc. in the feed- 
back. These may partially compensate for (c) 

(e) Other effects in the source. 


Appoximate 
Reference 
+ Reference 
' 
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y+K = K tang 


Fig. 1. Effect of input quadrature signal on a.c. servo 


Any or all of these causes may be present simultaneously, 
and it is worth noting that the rotation of a signal by a 
few degrees has very little effect on its magnitude, but 
introduces a quadrature component of 1-75 per cent/degree. 

To quote just one example’, a typical small industrial 
magnetic flowmeter has a source resistance which varies 
between a few hundred ohms for high-conductivity liquids, 
and 40k) for soft tap water. If the output from the flow- 
meter is transmitted to an a.c, self-balancing recorder via a 
100ft cable whose self-capacitance is 30pF/ft, (giving a 
shunt reactance of 1M) at 50c/s) then a quadrature com- 
ponent is introduced, whose magnitude varies from almost 
zero to 4 per cent. If the recorder response were a maxi- 
mum for signals at 20° to the reference (which in this case 
would be the flowmeter field current) this amount of quad- 
rature signal would cause a recording error varying be- 
tween zero and 1-4 per cent of the full-scale reading. 


Quadrature Suppression 


Reducing @ to zero appears at first sight to be a good 
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solution, but in fact is not for two 
reasons, Firstly, it is troublesome, since 
the motor and the amplifier are usually 
separate units, and each must be phase- 
corrected individually if interchange- 
ability is required. Secondly, the re- 
sidual signal V, sec @ is not significantly 
reduced by making » zero, and may 
block the amplifier, so rendering it 
insensitive to inputs of reference phase. 
It is much better to remove the quad- 
rature signal itself before it reaches 
the servo amplifier. 

The simplest method is to inject a 
compensating quadrature signal whose 
amplitude is adjusted manually until 
the residual balance signal, which can 
be observed at the amplifier output, is 
a minimum, This is quite satisfactory 
if the quadrature effect is a stable one, 
though it does require the use of an 
oscilloscope or other indicator. Some- 
times the servo motor itself can be used as the indicator, 
the supply to its power winding being temporarily shifted 
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Fig. 2. System with feedback quadrature suppresion 


through 90°, or alternatively a 90° shift can temporarily 
be introduced within the amplifier. 

Variable quadrature effects are much more serious, and 
essentially require some form of automatic suppression or 
elimination. 

One method consists in the introduction of a series type 
of quadrature eliminator’ between the input signal and the 
amplifier. This demodulates the signal, smoothes the resul- 
tant output, and remodulates it at precisely the correct 
phase, the quadrature component thereby being removed. 
However, the device has to work at low signal levels, and 
the smoothing circuit may introduce a significant lag into 
the system. 

By far the most satisfactory solution is the use of some 
form of feedback quadrature suppression, and Fig. 2 is a 
block diagram showing how this is applied. Any residual 
quadrature signal appears in amplified form at the output 
of the main servo amplifier and is demodulated, smoothed 
and remodulated at the correct phase by the quadrature 
suppressor, then being fed back to the input where it 
cancels the residual signal. 

The phase of the feedback signal must be precisely 
correct if further errors are to be avoided, but phase errors 
in the demodulator and phase shift through the main 
amplifier are relatively unimportant, causing merely a loss 
in sensitivity. 

In one version of this method, the main amplifier drives 
a second a.c. servo motor whose power winding is supplied 
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Fig. 3. Thermistor potentiometer 


(The two parts bolt together, forming a single plug-in unit) 


in such a way that the motor responds to quadrature 
signals. This motor drives the contact on a slidewire fed 
from a precise quadrature supply, and so provides the 
quadrature-suppressing feedback. 

Precisely analogous to the above is the transistor- 
thermistor quadrature suppressor described in the following 
section. Two indirectly-heated thermistors take the place 
of the motor and slidewire, and there are no moving parts 
to wear out. 


Transistor-Thermistor Quadrature Suppressor 

Fig. 3 is a photograph of a ‘thermistor potentiometer ’ 
which, with the addition of an a.c. reference supply and an 
output phase-shifting capacitor, becomes a quadrature 
suppressor®*. Fig. 4 is a block diagram, and the complete 
circuit, less power supplies, is given in Fig. 5. 

As Fig. 4 shows, the quadrature suppressor comprises an 
optional input phase-shifting circuit, an a.c, amplifier, a 
phase-sensitive demodulator, a variable potential divider 
using two thermistors, and a capacitor for shifting the out- 
put by 90°. The plug-in unit also carries the components 
required for providing d.c. power supplies from a centre- 
tapped transformer winding giving 10-0-10V r.m.s. +10 
per cent. Four germanium transistors are employed, and 
overall d.c. feedback via a third thermistor gives stabiliza- 
tion against changes in ambient temperature between 0 and 
60°C. 

Approximate 
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Fig. 4. Arrangement of quadrature suppressor 

The device operates as follows. The output of the main 
servo amplifier is applied to the transistor amplifier via 
either a resistor or an RCR circuit giving approximately 
90° lag. Which of these is chosen depends on the phase of 
the main servo carrier signal, the aim being to arrange that 
the undesired quadrature effects drive the demodulator 
which, for convenience, operates directly from the supply. 

When driven by the signal, the demodulator increases 
the power supplied to the heater of one of the output 
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Fig. 5. Circuit of the quadrature suppressor 


thermistors Th; and Tho, while decreasing the power 
supplied to the other. This raises the temperature and 
lowers the resistance of one of the thermistor beads, while 
lowering the temperature and raising the resistance of the 
other. The demodulator is phase-sensitive, and a reversal 
of signal phase reverses the above effects. 


The two thermistor beads thus form a resistive potential 
divider, their common point being movable either way 
about the centre of the total resistance. If a centre-earthed 
reference supply is connected across the divider, a small 
quadrature feedback current can be taken off through a 
small capacitor connected to the common point. Larger 
outputs can be obtained if the phase-shifting is performed 
before the divider, instead of after it. 


An input to the amplifier of +1uA r.m.s. swings the 
output by +75 per cent of the theoretical maximum, and 
the overall characteristic is reasonably linear up to this 
point. The corresponding input, when the phase-shifting 
circuit is used, is +10V r.m.s. across 1MQ. About 2V can 
be connected across the divider without overloading the 
thermistors, giving a useful output of +0-75V. The ampli- 
fier input resistance is kept low by feedback, being about 
1500, while the output resistance of the potential divider 
varies between about 500 and 7002 according to the drive. 
Thermal lag in the thermistors causes the response to be 
fairly slow, a large change in output taking several seconds 
to complete as can be seen in Fig. 8. This is usually no dis- 
advantage, however, since the quadrature signal itself rarely 
changes rapidly. An advantage accruing from the thermal 
lag is that the gain of the quadrature signal loop, compris- 
ing the main amplifier and the quadrature suppressor, can 
be increased to a value of about 500 before self-oscillation 
sets in. Quadrature effects are reduced by a factor equal 
to the quadrature loop gain, and a value of 100 or less ‘s 
generally sufficient to make them quite negligible. 


Circuit Details 

Transistors X, and X, constitute the a.c. amplifier, while 
X; and X,, together with two diodes, form the demodulator. 
The circuit is direct coupled from end to end, and overall 
d.c. feedback is applied via a third thermistor Th; to 
stabilize the output characteristics. 


Overall D.C. Feedback 


Th; is connected to the amplifier input in such a way 
that a +5 per cent deviation in its resistance from a 
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nominal 1-2kQ is sufficient to swing 
the power in all three thermistor 
heaters from 0 to 30mW simul- 
taneously. This, in turn, would vary 
the resistance of Th; very widely, 
and so in fact controls it within 
much less than +5 per cent of 
1:2kQ, transistor drifts being neg- 
lected. 

When there is no a.c. drive, all 
three heaters receive the same 
power, and all the beads have the 
same predetermined resistance of 
1-2kQ, whatever the ambient tem- 
perature, any rise in temperature 
being counteracted by a fall in the 
heater dissipations. This arrange- 
ment has the. great advantage of 

la } stabilizing the output characteristics 
si of the potential divider, which 
otherwise would be very tempera- 

ture-dependent. 


All transistor drift effects can be compensated by a 
change of about +20uA in X; base current, and this too 
is provided by a small change (+15 per cent) in Th; resist- 
ance. Thus if the thermistors are identical, Th; and Th: 
resistances are held within +15 to 20 per cent of their 
nominal value for all ambient temperatures between 0 and 
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60°C. Since there is ImW additional dissipation in Th, 
bead due to the bias circuit, the nominal resistance of the 
other two beads is slightly higher in practice, at 1-3k{. 


A.C. Operation 

The current gain of the amplifier section is determined 
by feedback from X2 emitter to X; base at a value Rs/ Rw = 
68 approximately. The voltage dropped across Rw is never 
less than 70mV, and this provides adequate collector poten- 
tial for X; which handles only small signals. 

X, output current divides about equally. between Ry and 
Ru, so the current gain to X; base is about 34. 

X; acts as an emitter-follower to drive X,, and both 
operate together in switched mode to drive the heaters; 
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typical waveforms are shown in Fig. 6. The a.c. signal 1s 
mixed on X53 base with a direct positive bias current, a 
positive full-wave rectified bias, and a negative direct 
current from X: which is varied by the overall feedback. 
The X;X, combination is thus switched on or off according 
as the a.c. signal or the d.c. bias predominates. During 
alternate half cycles, therefore, X, collector current com- 
prises two large or two small current pulses as shown in 
Fig. 6(e). Since Th; and The heaters receive current on 
alternate half cycles, they are heated differentially by the 
demodulator. A full analysis of the operation is given in 
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the Appendix and Fig. 7 shows the overall demodulator 
characteristic in terms of the potential divider percentage 
output against /,//,, where: 

I, = Peak signal current supplied to X; base 

I, = Peak full-wave rectified bias current = 0-SmA 

V, = Peak demodulator supply voltage, = 10V2V 

Ry = Demodulator load resistance on either half cycle, 

3902 
Th,, The Ths = S.T.C. Thermistors 
resistance 1000) 

MR, MR: = Mullard OAS junction diodes 

Interstage bias arrangements are such that the collector 
leakage of each transistor may reach the maximum value 
specified for a junction temperature of 70°C (0-4mA for 
Xo, X; and X;, if these are type OC76 transistors), without 
limiting the ability of X; and X;, to switch fully on and off. 
Dissipation in X; and X, is low on account of the switched 
mode of operation, while X; and X2 operate with low col- 
lector voltages and so also have low dissipations. In no 
case, therefore, does the junction temperature rise more 
than a few degrees above the ambient temperature, and 
this in consequence may safely reach 60°C. In practical 


type BS4 (heater 
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tests, a number of units operated satisfactorily at 70°C for 
several hundred hours. In order to minimize the drift which 
the d.c. feedback has to correct, Xi is a low-leakage tran- 
sistor of the OC45 type. 


APPENDIX 


ANALYSIS OF DEMODULATOR OPERATION 

The heater currents controlled by X, are never greater 
than 35mA and since the current gain of the X;X, combina- 
tion exceeds about 1 000, they are switched on and off by a 
change of 35uA or less in X3 base current. This is very 
small in comparison with the signals applied to Xs base, 
and switching is therefore sharp within the potential 
divider operating range of +75 per cent of full output. 

X; base is supplied with a positive full-wave-rectified 
bias current, the a.c. signal, a positive d.c. bias and a 
variable negative direct current from X2 which is varied by 
the overall feedback to control the dissipation in Ths 
heater. The rectified-bias and signal waveforms, shown in 
Figs. 6(a) and 6(b) combine to give the waveform shown 
in Fig. 6(c), and this switches X; and X, off or on accord- 
ing as it is greater or less than the net negative steady d.c. 
bias. In practice a positive current can never flow into X3 
base which therefore makes a positive excursion, but to 
make description simpler it can be assumed that a diode 
is connected between X; base and earth, and carries the 
excess positive current. The circuit performance remains 
unaffected if this is done. 

The collector voltage and current waveforms resulting 
from this mode of operation are shown in Figs. 6(d) and 
6(e). The voltage dropped across X, and the diodes is 
neglected in the analysis, but compensated in practice by 
reducing the load Rx from a theoretical 4102 to 3901). 

The following terminology is necessary in addition to 
those terms already defined. 


I Net steady negative direct current supplied to X; 
base (A) 


Mean square current in Th, heater, (A*) 
. The (A*) 
Ims3 a) ’ ~” 99 Ths (A*) 


ry | Demodulator conducting angles for alternate half 
6 cycles (degree) 


I ns1 


I mse ” ” .- 


Switching occurs at conducting angles given by: 
sin @ : 
Ty 4 


and sin 6. = 


Ib — 
sin 6 — sin / 


whence —_ 
sin G2 + 


sin 6 


while the mean square currents in the heaters of the two 
output thermistors are: 


26; sin 26 \ 
I 1(V./Ry) - .. (4) 


24. — sin 26 
| 1 (V.; Rr) — SS eae 


Th, and Th. heater currents pass alternately through 
Th; heater, and this is shunted so that: 
wt $0 + held 
whatever the value of the a.c. drive. If the drive is zero, 
then Ims: = Imse = Imss. 
The overall d.c. feedback is arranged so that, when the 
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ambient temperature is midway between its limits (i.e. 
30°C) Imss is held at a value equal to half the greatest 
possible value of /ms: Or Jms:. These have maxima, when 
X, is on for a complete half cycle, of (4) (V;/Rx1)*, thus: 


Imss at 30°C = £ (V./ RiP 
MEAN SQUARE 
HEATER CURRENT 
xiw /RY 
ae. 





\ 





Fig. 9. Mean square heater current versus signal at design-centre ambient 


temperature 


and, from equation (6), 
Imsi + Ime 4(V,/Rxi} at 30°C ian 
Thus the a.c. drive increases the dissipation in one heater 
and decreases that in the other by equal amounts about a 
design-centre value which, when the ambient temperature is 
at its design-centre value, is equal to half the maximum 
dissipation in either. 
In practice, the greatest possible dissipation in either 
Th, or Th, is made equal to 30mW by suitable choice of 
V, and R,, while Th; is controlled at 1SmW at 30°C. Thus 


Remote Control of a Power Station 


A remote-controlled power station has recently been brought 
into operation at Princetown, Devon, by the South Western 
Electricity Board for operation during peak or emergency 
conditions. 

It consists of a 3MW alternator driven by a 4250 h.p. land 
version of the Proteus turboprop engine as used in the Bristol 
Britannia aircraft and it will be controlled from the Electricity 
Board’s Control Centre at Bristol at a distance of 100 miles, 
over the normal telephone network. 

The control system used is the Mark II ‘ Datafonic’ system 
designed and manufactured by Sound Diffusion (Auto- 
Thermatic) Ltd of Portslade, Sussex and represents an extension 
of a system introduced in the United Kingdom earlier last year. 

This equipment was developed to provide a central Control 
Room with supervisory facilities over remote unattended sub- 
stations. Such facilities have normally been available in the past 
only by the use of equipment operating over privately rented 
G.P.O. lines which, when capitalized over a 10 year basis, repre- 
sents a considerable investment. 

The object of the Mark I was, therefore, to provide equip- 
ment that would operate over the national telephone network 
and, by giving all information concerning breaker positions and 
other items in a verbal form, eliminate the need for both 
private lines and decoding equipment in the Control Room. 
The system was designed to dial or call a Control Room when 
equipment in the substation changed its state, and conversely, 
to give information when interrogated by an incoming telephone 
call. 

The equipment installed at Bristol enables the Control 
Engineer to carry out a total of up to 40 control functions over 
the remote equipment. 

Typical functions are the ‘Start’, ‘Stop’ and ‘ Throttle’ 
controls on the remote Turbo Alternator. These control 
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Th; and Th. heaters can each be driven +15mW about a 
design-centre value of 15SmW when the ambient tempera- 
ture is 30°C. 

At higher ambient temperatures the heater dissipations 
are made to fall (by. 2mW every 10°C for B54 thermistors) 
by the action of the overall d.c. feedback, and the operat- 
ing range is restricted somewhat by one of them reaching 
zero before the other reaches 30mW. At lower tempera- 
tures the dissipations are made to rise, and the range is 
similarly restricted since one heater reaches a dissipation 
of 30mW before the other reaches zero. 

These effects, of course, are a necessary result of the 
chosen method of d.c, stabilization which prevents the out- 
put resistance characteristics from altering with ambient 
temperature. Even in the extreme cases, however, there is 
no difficulty in achieving +75 per cent output from the 
potential divider, and it is quite sufficient to assess the 
demodulator overall gain at 30°C ambient. 

Combining equations (4), (5) and (8) gives: 

26. — sin 26 


26; sin 26 


® & » anew (9) 


which can be solved to give the relation between 6, and 6 

Equation (3) now permits /,//, to be related to conducting 
angle, and hence to mean square heater current as shown 
in Fig. 9. This gives the heater dissipations in terms of 
I,/Ip and hence allows the bead resistances, and the poten- 
tial divider percentage output, to be calculated for any par- 
ticular type of thermistor whose characteristics are known 
Fig. 7 is the result of such a calculation. 
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facilities are supplemented by 22 pairs of indication lamps of 
which the Turbo Alternator utilizes 20. Telemeter display 
facilities are also available in the Bristol Control Room. 

The control console housing the indication, control and tele- 
metering equipment is a compact unit and is capable of simple 
extension to allow for the control of up to 24 additional sub- 
stations. 

The equipment operates over the national telephone network 
and the Control Engineer at Bristol can establish contact with 
the set by making use of the normal trunk call facilities. 

In the event of a change of state in the running condition of 
the sub-station, the * Datafonic’ equipment in the sub-station 
automatically engages its own exchange line and verbally 
requests the exchange operator to connect it with the Bristol 
Control Room. 


The Remote Control Panel 
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FAST COUNTING CIRCUITS USING E1T TUBES 


By V. Radeka* 


The possibilities of fast counting with EIT type counter tubes are investigated. Displacement of 
the electron beam is considered and time required to reach the stable point calculated. The limits 
of accurate counting against the reliability required are determined theoretically and experiment- 
ally. It is found possible to use EIT tubes up to about 10° pulses per second. A circuit diagram of a 
reliable fast counting decade suitable for general application is presented. The circuit operation is 


entirely independent of the input waveform and supply voltage variations. 


Only one d.c. supply 


voltage is needed. 


(Voir page 127 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite |32) 


ores principles of the decade counter tube type EIT and 
circuits for counting up to 10° pulses per second are ex- 
haustively described in the literature’’”’. Increasing of the 
counting speed was proposed by Jonker et al’. The idea 
was further developed by Barneveld* and Porat’, but a 
reliable circuit suitable for general application so far has 
not been published. The analysis given in this article is 
meant to define criteria in considering various applica- 
tions of ELT. The behaviour of the beam and the theoreti- 
cal limits of the counting speed are discussed. On the 
basis of the given analysis the fast counting circuit is 
developed. 


Criteria in Fast Counting with E1T 

The decade counter tube type EIT, as described by 
Jonker et al’., is a small cathode-ray tube with one dimen- 
sional deflexion of the ribbon shaped electron beam, 
possessing the ability to retain one of the ten stable posi- 
tions, which the beam once has assumed. Utilizing this 
property the fast counting principle is based on forced dis- 
placement of the beam from one stable position into the 
adjacent one, by the action of a step-function waveform 
aS a drive pulse. It is apparent that it is not possible to 
bring the beam exactly into the new stable position by the 
drive pulse only, so that stabilizing action is required. 
There is a limited region within which the beam may reach 
the stable position and time is required to complete 1t. 
Thus the main question which arises in investigating the 
possibilities of fast counting with the EIT is to determine 
the limits of permissible changes of the drive pulse at a 
given counting speed to ensure errorless counting. 

The basic fast counting circuit for the E1T is shown in 
Fig. 1. The counting is performed in discontinuous dis- 
charging and after a sequence of ten pulses recharging of 
the capacitance C consisting of circuit stray capacitances 
referred to the point a. The deflexion plate voltage Vp2 is 
lowered by drive pulses V, and the beam is moved step-by- 
step through the corresponding stable positions ‘0° to ‘9° 
The tenth pulse moves the beam towards the auxiliary 
anode to initiate the flyback circuit which returns the beam 
to ‘0’. The anode and the auxiliary anode currents as 
functions of the deflexion plate voltage Vp: measured on 
a practical tube are given in Fig. 2. The anode character- 
istics /,, can be represented as a sine waveform with a period 
equal to the voltage difference V, between two adjacent 
stable positions. A part of the characteristics between a 
stable and a metastable point with respect to the anode 
resistance line Ra: as x-axis is presented in dimensionless 
form in Fig. 3. Since the position of the beam is corre- 
sponding to the deflexion plate voltage Vp2, the term 
‘stable point’ instead of ‘stable position’ will be used in 
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further treatment. The point v/Vs; = 0 in Fig. 3 is stable 
and the point v/V,; = 1/2 is metastable. 
Before discussing the counting process, the behaviour 
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Fig. 1. Principle of a fast counting system using EIT tubes 
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Fig. 2. Anode and auxiliary anode current against Vio» for an average tube 
Stable points 8 and 9 only can be seen 


, 


of the beam when displaced from a stable point will be 
considered. At stable points the total anode current is 
supplied through the anode resistance Ra. If the deflexion 
plate voltage Vp: is changed by v, a difference between 
the anode current and anode resistance current arises which 
is given by 

iar = Im sin 27 v/ Vs. 
The current difference flows through the capacitance C and 
decreases v returning the beam to the stable point accord- 
ing to the equation 

C dv/dt = Im sin 27 v/ Vs. (1) 


FEBRUARY 1960 





It is of interest to determine the time needed for the beam 
to move from an unstable point | to the point 2 in the 
vicinity of the stable point, Fig. 3. Having separated 


variables, integration from point 1 to 2 gives 


' tan = vi/Vs 
tir = In -—— 
tan 7 vo/Vs 
where 
r Cilla. Wel2x 
Equation (2) shows that in all cases where vi/Vs < 
i.e. if the beam has not been displaced beyond the meta- 
stable point v/V; 1/2, the beam will return to the 
stable point v/V; 0. For vi/Vs between 1/2 and 3/2 
the beam will move toward the next stable point where 
v/V, = 1. The curve t/r in Fig. 3 is presented for 
v2/V 1/20. As it can be seen from Fig. 3 and (2) 
infinite time is needed theoretically to reach the stable point, 
but practically this point is reached in a comparatively 
short time. 
Starting the counting process from the initial stable 
point marked ‘0° on the tube screen the beam will be 
brought by an inaccurate drive pulse V, into the vicinity 
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Sine function representation of the EIT characteristics and the 
time required to reach a stable point 


Fig. 3. 
of the stable point ‘1°. The deviation from a stable point 
can be expressed as an angle. The angular deviation from 
the stable point ‘1° immediately after the first pulse is 
V > V 


Ia 


2= (k 1), kK = V/V 


@ can be used to express the drive pulse height V, with 
respect to the voltage difference V;. According to equa- 
tion (2) the deviation of y at a time 7 after the first pulse is 
wo = 2 arctan (e~7 tan @/2 oe 
The second pulse will bring the beam into the vicinity 9f 
the stable point ‘2’ with an angular deviation y; + 9. 
Assuming a periodical train of pulses relation f=1/(T +1,) 
exists (f = repetition rate, T time interval between two 
successive pulses, fp = drive pulse duration). The angular 
deviation just before the arrival of the third pulse, by 
analogy with equation (5) will be 
vi = 2 arctan [e-?’ tan 1/2 (hh 
(6) 


so that the angular deviation from the stable point * 9° just 
before arrival of the tenth pulse can be expressed by 


’ 


ve = 2 arctan [eT tan 1/2 (ve + @)]. 


wv» may be expressed as an explicit function of o by 
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successively substituting relations for vs to y: in equation 
(7). Function y + © representing the accumulated angular 
deviation at various counting speeds in terms of ¢, Le. 
percentage inaccuracy p of the drive pulse, has been plotted 
in Fig. 4. The parameter is 7/7, and numerical values of 
repetition rates f have been calculated for an average EIT 
tube with J», 80uA (the smallest peak) and V, 14-S5V. 
The capacitor C was taken as 60pF. In a circuit like that 
shown in Fig. 6, stray capacitances could hardly be reduced 
below this value. So from equation (3) it follows that 
r 1-7usec. The duration of the drive pulse is ft = 
0-2usec, which is a convenient value. 
The conditions which must be fulfilled to ensure correct 
counting are 
(a) The flyback must be always, and only, started 
by the tenth pulse 
(b) During the counting the beam must not be 
brought into any point outside the region between 
the two metastable points adjacent to the stable 
one corresponding to the last digit of the pulse 
number 


20 «(25 
pk 100 (percent 
Fig. 4. Accumulation of the deviation im the counting process 
Curve (Mc/s T/{t URVE f(Me/s) T/r Curve (Mc/s) 
(1) >F au (4) 0-6 0-848 (7) 0-2 
0-173 (4) 0-4 1-33 (8) To 
0-462 (6) 0-3 1-81 


(2) 2 
(3) l (9) >0 

Let Vi; be the voltage difference between the stable point 
‘9° and the threshold where the flyback will be initiated 
(see Fig. 2). Then the boundaries the drive pulse has to 
be kept within are determined by the following relations 


for Vi, 
(8) 


V,) 22 
(10) 
0 (lo + Oo) <r 


It follows from equations (8), (9) and (10) that the widest 


limits are when 
Vierl/V 1/2 . (il) 


Since it is impossible to solve equation (7) with respect to » 
analytically, the solution has been obtained graphically by 
applying the conditions (8) and (9) on Fig. 4. The differ- 
ence between us + @ and yo + @ is negligible. The per- 
missible inaccuracy, i.e. tolerances of the drive pulse as a 
function of the repetition rate have been plotted in Fig. 5. 
Curves 1 — 1’ are for an idealized tube satisfying the condi- 
tion (11). The curve 2 is an example for Vi,/V. = 0-77, 
for which vw) + @ < 0-46 xz as shown in Fig. 4. The experi- 
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Fig. 5. Drive pulse tolerance as a function of the repetition rate 


Curves 1 and I’ are calculated for an idealized tube with 
Val? 1/2, while curve 2 is for V,./V, = 0-77 
+ and O are experimental results for the two tubes with 


V.,1V., = OY and V, /V 0:77 respectively 


mental results for the two EIT tubes used in the circuit 
given in Fig. 6 are shown in Fig. 5. 

There are certain differences between the theoretical and 
experimental results given in Fig. 5 which have to be con- 
sidered. The foregoing analysis was carried out under the 
assumption of equally spaced stable points which is in fact 
not true. The voltage difference V, decreases, irregularly 
with the ordinal number of the stable point. It was found 
on a number of tubes that the ratio of the first and the 
ninth difference is usually situated in the range 

1:14 < Vai/ Vso < 1-6 
The suggestion to decrease the drive pulse according to the 
decrease of the distance between stable points (neglecting 
irregularities) would lead to wider tolerances if the condi- 
tion (11) applied to a real tube could be satisfied 

Vir/ Vs 1/2. 
However, reliable and jitterless flyback initiation can be 
obtained only on the steep part of the I, characteristics 
in Fig. 2, and on the tubes examined it was found that 


0-65 < Vir/Vas < 0-95. 


Considering the large difference between 2V;, and WV. in 
more detail it follows that the above mentioned suggestion 
would not lead to a remarkable improvement. As it can be 
expected tubes with a ratio Vir/Vs9 nearer to one half 
allow wider tolerances (Fig. 5). 

From the preceding discussion and Fig. 5 it can be seen 
that it is possible to use EIT tubes in fast counting circuits 
up to about one million periodical pulses per second under 
the condition to keep the drive pulse within p ~ = 8 per 
cent. At higher counting speeds difficulties arise because 
of narrower tolerances and shorter transients. The more 
complicated circuits involve greater stray capacitances 
which, in turn, because of condition (3) cause a further 
decrease of tolerances. 


A Fast Counting Decade 

In designing the fast counting decade it was aimed at 
staying within tolerances determined in the preceding sec- 
tion making minimum requirements on the stability of 
components and of the power supply. The circuit diagram 
of the decade according to the basic principle in Fig. | 
is shown in Fig. 6. 

The step function generator is designed in such a way 
to make the drive pulse entirely independent on the input 
pulse shape and amplitude. The input pulse is formed in 
a Schmitt-trigger, Vi. The proper amplitude is obtained 
by a cathode coupled clipper V.. The step function wave- 
form is produced by the linear diode pump consisting of 
diodes MR; and MR», a cathode-follower Va, the capaci- 
tor C; and the stray capacitances C referred to the point a. 
The step function height V, is determined only by the 
resistors RV;, Ri, Re and capacitances C; and C. Time 
and temperature instabilities of the components RV;, R, 
R: and C; must not exceed 1 per cent. The stray capaci- 
tance C, consisting of many elements, is not influenced 
largely by small changes of one of them. The height of 
V, is set to the required value with RV;. The auxiliary 
potentials which are standardized in conventional equip- 
ment using EIT tubes are obtained with the divider R; to 
R:. This divider is unloaded except for the deflexion 
plate D,(+ 156V) which draws a current up to I5uA due 


Fig. 6. Circuit diagram of the fast counting decade 
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to non-ideal focusing of the electron beam. The constant 
level — 171V is obtained by the triode section V3», function- 
ing as a d.c, cathode-follower. The same section is also 
used as a trigger amplifier for the monostable circuit with 
an EFP60 (V;) which performs the flyback. 

The secondary-emission valve EFP60 is connected in a 
commonly used circuit with regenerative feedback from 
the dynode to the first grid. Without the diode V; the 
peak of the dynode voltage pulse would be determined 
approximately by the anode potential because the second- 
ary emission current becomes nearly zero when the dynode 
potential reaches the anode. The dynode zero current poten- 
tial is not exactly defined by the anode potential, it differs 
from tube to tube and is subject to ageing. Considering this, 
it is not recommended to use the anode potential alone in 
setting the upper limit of Vp: and the diode V¢ was inserted 
to define precisely the end of the regenerative process. The 
diode V,; opens at the end of the process when the dynode 
current is decreasing, so that the peak diode current does 
not exceed 15mA. Exact returning of the beam to ‘0° is 
set by means of RV2. A negative 30V output pulse is 
derived from the anode of the EFP60. Pulse lengthening 
with diode MR; is used to match the pulse to the input of 
a decade stage* for 10° pulses per second. The time- 
constant of the trailing edge is about I-Susec. 

4 marginal test has been made to prove the reliability of 
the decade. The use of only one d.c. supply voltage makes 
the circuit entirely independent of d.c. supply voltage 
variations. No error has been observed at a counting 
speed of 1 Mc/s due to simultaneous variations of the anode 


Direct Reading for Data Processing 


De La Rue Bull Machines Ltd have announced a system of 
direct reading for data processing. 

The basic principle of the De La Rue Bull direct figure 
reading system is that the figures are produced in a magnetiz- 
able ink which can be printed by any of the accepted printing 
processes. The figures can also be imprinted by movable type 
bars—such as those used in adding machines and typewriters— 
and trom embossed plastic or metal printing plates. 

Throughout the development of this new direct reading 
system it was regarded as essential that the figures should be 
normal in form and instantly readable by the human eye. This 
feature has been obtained by printing standard figures in the 
form of a series of vertical lines. 

These lines are spaced either 0°-2mm or 0°4mm apart and 
therefore the printing of the figure appears virtually continuous 
to the human eye. The basis of the reading system is that 
the magnetizable ink appearing in the vertical lines is simply 
an alerting signal to the interpreting equipment and the actual 
interpretation of the printed figures depends on the relative 
dispositions of the wide (0°4mm) and the narrow (0:2mm) 
spaces 

Examination of an enlarged printed figure shows that the 
vertical lines are themselves of different thicknesses. This is 
purely for aesthetic reasons and has no influence on the read- 
ing mechanism which is concerned only with spacings between 
the lines. 

The normal numerical code is obtained by using seven 
vertical lines giving six spaces, of which two are wide and four 
are narrow. The spaces between different figures are sufficiently 
great for the reading apparatus to turn itself off and a quick- 
acting delay mechanism allows six spaces to have been read 
before the interpreted figure code is transmitted for subsequent 
data processing or for direct recording. 

The same principle can readily be applied to the reading of 
alphabetical information. 

The advantage of this system as compared to the interpreta- 
tion of thin-line outlines is that the printed figures are entirely 
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and filament voltage in the range. 
120V < Vn < 400V; 45V < Vi < 7°5V. 

The valves and all components are operated within manu- 
facturers’ ratings. Special care has been taken in the 
operating conditions of the EFP60. The peak currents and 
dissipations do not exceed one fifth of rated values. The 
flyback precision is not affected by changes in the charac- 
teristics of the EFP60. There is no valve in the circuit 
which has to be selected, and only simple adjustments of 
RV, and RV, have to be made when an EIT is replaced. 

The input pulse may be of any convenient shape with 
a negative part exceeding 20V. Random pulses can be 
counted with a resolution < O-Susec. The top counting 
speed 1°6 to 1-8Mc/s for periodical pulses has been mea- 
sured as is indicated in Fig. 5.. The staircase output, 
i.e. the counting result as an analogous quantity can, it 
desired, be taken from the point ao. 
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normal. The advantages as compared to the reading of mag- 
netic profiles are that far less accuracy of printing is required 

because there is an enormous tolerance on the amount of 
magnetic material appearing in each vertical line, since this is 
acting simply as an alerting signal—and that for profile reading 
a fairly uniform response must be obtained over the full width 
of the profile. Furthermore, figures encoded in vertical lines 
can still be read if the documents are significantly crumpled, 
damaged or perforated—-which factors seriously upset profile 
reading. 

The advantages as compared to systems depending on com- 
paring a printed figure or letter with standard figures or 
letters already programmed into a memory are, first of all speed, 
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The visual impression created by the typeface 
(considerably enlarged) 


secondly much greater tolerance to damage and misalignment, 
and thirdly much greater simplicity in electronic circuits since 
the signal obtained from the vertical line coding can be trans- 
formed directly into a binary signal. 

Features of the De La Rue Bull direct reading system were 
demonstrated to the Conference of European Bankers (held in 
Paris in October last year). Pre-printed cheques were sorted 
according to various sorting codes and also according to account 
numbers subsequently printed on the documents. An imprinter 
developed from a standard adding machine was also demon- 
strated, by which the amounts for which the cheques were 
drawn were imprinted in magnetizable ink enabling accounting 
and clearing house reconciliation to be achieved directly. The 
imprinting machine has security devices which prevent cheques 
passing forward to sorting and accounting until the amounts 
are confirmed as correctly imprinted on them. Through a vast 
number of tests. no single misread of sorting code, account 
number or amount was recorded, although a number of cheques 
were deliberately defaced and damaged. 
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Economy in the Series Stabilizer 


By D. J. Collins*, B.Sc., A.M.LE.E., and J. R. Pearce*, B.Sc., A.M.LE.E. 


In this article it is pointed out that in order to deal with adverse conditions the series stabilizer 

is uneconomic in its demands on the series elements, If the load current is essentially constant the 

series element can be shunted by a resistor. I he basic circuit is presented of a practical solution 
to the problem of a variable load current using a resistance shunted buffer section. 


(Voir page 127 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite |32) 


N recent years, designers of regulated d.c. power supplies 

have tended to favour the series stabilizer. This circuit, 
when enclosed in a d.c. feedback loop, generally gives a 
performance which is superior to that of the shunt stabilizer, 
and is applicable to a wider range of duties’. 

A possible disadvantage of the series configuration, 1s 
lack of economy in the basic control element. Under certain 
conditions, this criticism may be justified, and it can be 
rightly pointed out that, not only is the series stabilizer 
uneconomic in input voltage requirement, but it may also 
have to be capable of handling a wider range of power and 
will, therefore, be the more expensive of the two systems. 

The various arguments apply to either valves or tran- 
sistors, and both have a particularly difficult task when 
there is a wide variation in the unstabilized supply voltage. 
This article describes a system which has been devised in 
order to provide an economical series stabilizer for tran- 
sistor power supplies. 


Shunting of Series Control Section 


Fig. 1 shows the basic arrangement of a transistor series 
stabilizer. Only one transistor X; is shown, but, in practice, 
a more complicated arrangement of several transistors may 
be necessary. The unstabilized supply can consist of a con- 
ventional transformer, rectifier and smoothing system. To 
give 30V at the load, the minimum unstabilized voltage is 
usually not less than about 32V, this allowing for low mains 
voliage and transformer errors, etc. When the mains voltage 
is high, and again allowing for other errors, the input 
to the stabilizer might rise to 40V. Assuming, for simplicity, 
that the load current is a constant 10A, this gives a maxi- 
mum power dissipation in the control transistor of 100W. 

The maximum power which can be dissipated in a tran- 
sistor varies with many factors, such as junction size, 
method of mounting, the form of heat sink, ambient tem- 
perature, etc. A typical maximum for transistors available 
at the moment might be 10W each, thus needing ten tran- 
sistors in parallel, 

Under the lightest conditions, however, the total dissipa- 
tion is 20W—a mere 2W per transistor. In order to reduce 
the number of transistors employed, the designer may resort 
to large or complex heat sinks and blowers; thus, replac- 
ing a high transistor cost with an equally expensive heat 
sink. 

If the load current is essentially constant, the transistor 
may be shunted by the resistor R in Fig. 2; the value being 
selected so that, under conditions of maximum voltage. 
most of the load current flows through R. In the example 
chosen, with a maximum of 10V across the transistor. a 
resistor of 1-25( will pass 8A, leaving 2A for the transistor. 
This condition does not, however, give the maximum power 
in the transistor, since, as the unstabilized voltage is 
reduced, more current must pass through X;. It can be 
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shown that the maximum transistor power will be /‘-R/4 
where / is the load current. 

Hence, in this example, the series section transistors 
would have to deal with only 31-2W under the worst condi- 
tions. Thus, the transistor complement can be reduced to 
four from the original ten. 
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Fig. 2. Transistor shunted by resistor 

With this arrangement, the load current cannot be 
reduced much below 10A, for in the limit—i.e. when the 
load is 8A—the series element has become cut off and the 
stabilizer ceases to function. If it is necessary to reduce 
the load current to zero, a shunt resistor is not the solution 
to the power dissipation problem. 


Dual Series Section 

When the load current of a transistor power supply is to 
be reduced to zero, or even varied over a wide range, a 
dual series section may be used to effect economy in the 
number of transistors. As with the arrangement described 
above, the excess power is dissipated in a resistor. 

The basic circuit? is shown in Fig. 3, where it will be 
seen that the control section X; now has in series with it 
a buffer section X: shunted by R. The base of the buffer 
transistor X. is taken to a stable potential E with respect 
to the negative output, and the sum of the voltage across 
X, (Vi) and the bias on X2 (Ve) must always be equal to 
E. Since E is constant, if Vi rises, Ve» must fall, thus tend- 
ing to cut off X2, This is the action upon which the opera- 
tion of the circuit depends. 

Consider first the mains input to be low. The unstabilized 
supply will be 32V, which gives the minimum required 
across X;. In this case, the voltage drop across the buffer 
section would ideally be zero, but in practice, an allow- 
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ance is made tor a small working voitage across X2. Since 
V; is small, Ve» will ensure that X2 is conducting heavily, 
and this transistor may be visualized as shunting the 
resistor, This condition is maintained over the full range of 
load current, and the power in the whole section has a 
maximum of 20W, nearly all being dissipated in X;. Hence, 
as long as the unstabilized supply is low, the buffer section 
is not fully utilized. 

Consider now that the mains input voltage is high (un- 
stabilized voltage 40V) and the load current small. The 
increased voltage across X; now ensures that X2 is cut off. 
All the current flows through R, and the voltage across X; 
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Fig. 3. Basic arrangement of dual series section stabilizer 
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Comparison of dissipation between conventional stabilizer and dual 


Fig. 4. } , 
series section system 


falls as the load current is increased. Thus, the power dis- 
sipated in X, is not so great as in the original example, a 
substantial amount of power being transferred to the 
resistor. It is found that the power in X; rises to a maxi- 
mum at very roughly half full load. 

The appendix details the basic calculations, and Fig. 4 
shows a comparison of dissipation between a conventional 
stabilizer and a dual section system. The enormous advan- 
tage is readily apparent, and it can be seen that the number 
of transistors for a given application can be considerably 
reduced. 


Practical Considerations 

It will be appreciated that an ideal case has been dealt 
with. Some of the points which must be considered in a 
practical design are: 

(1) Series elements dealing with large currents and large 
powers are invariably composed of transistors con- 
nected in parallel, and in order to obtain good current 
gain the elements are usually ¢compound emitter- 
followers. Allowance must be made for compound- 
ing and for any emitter resistance used for ensuring 
load sharing. 

(2) Variations (such as ripple) in a nominal fixed supply 
voltage must enter into design considerations, and 
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allowance must be made for the regulation of the 
unstabilized supply. 

Although the transistors of both sections may be 
mounted on a common heat sink, it should be noted 
that the collectors of the two sections are not 
common. It is interesting to note that each has a 
condition of maximum dissipation, although they do 
not occur at the same operational point. 

A possible refinement is that the reference potential 
E may be chosen in order to allow X, to dissipate 
some power at full load. This reduces the maximum 
power in X;, and may enable full utilization to be 
made of an integral number of transistors, instead 
of a possible duplication of calculated fractional tran- 
sistors in each section. 

Power supplies using a dual series section are commer- 
cially available, a typical unit supplying an output of up 
to 1OA at a maximum of 30V. 
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APPENDIX 
Consider the circuit of Fig. 3. At any operating condition 
the current in X» is: 
V-dVD, 
R 
: , (V 
The power in X2, P: = (V — Vi) - 
and in X;, P Vil 


Total transistor dissipation, P = P,; + P, 


P=Vil+KV —V)) 


The total dissipation, for a fixed value of V, is obviously 
proportional to 7, and will be maximum at full load current. 
Consider the value of V, which, at a set value of /, gives 
maximum power: 


dP/dV = I — (1/R)(QQV — 2V;) 
and P is maximum when: 
l=(Q/R)V 
or when: 
V = (/R/2)+0Vi... 
Substituting equation (2) in equation (1): 
Prax = (UR/2) + Vil J — (1/R) UR/2) 
= (PR/2) + Vil — (PR/4) 
= (FR/4) + Vil 
In Fig. 4, a comparison is made between a conventional 
series stabilizer and a dual system. The following values 
have been taken: 


10A 
Buffer resistor (R) 0-92 

Vi %&1V 
32 to 40V. 
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Some Performance Parameters of Silicon 
Junction Power Rectifiers 


By D. R. Coleman*, B.Sc.(Eng.), A.M.LE.E. 


The electrical performance of silicon power rectifiers—seen in terms of the power output of a 


conversion connexion 
junction temperature. 


is related to their characteristics, and shown to be dependent upon the 
Temperature control is discussed from the thermal resistance standpoint, 


and a method is given for the calculation of power dissipation and connexion ratings for silicon 
rectifiers. Mention is made of some considerations necessary for satisfactory transient performance. 


(Voir page 127 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 132) 


HE electrical characteristics of silicon junction rectifiers 

in the forward and reverse directions are well know'**+, 
[The performance of such rectifiers in power conversion 
connexions is directly related to those characteristics, and 
in this sense the variations of characteristic with junction 
temperature are of critical importance. 

In general terms, the forward characteristics suggest an 
improved performance with increase of junction tempera- 
ture, since a given current in the working region produces 
a decreasing voltage drop with increasing temperatures 
On the other hand the reverse characteristics indicate a de- 
gradation in performance, in that at a fixed working voltage 
the current increases with rise of junction temperature. 

A typical temperature coefficient of forward voltage drop 
would be — 0-1 per cent/°C, showing the effect on perform- 
ance to be slight. The reverse current, however, may vary 
considerably. Although the saturation current can in- 
crease by as much as’* 15 per cent/°C the total cell current 
variation with temperature is usually less, by virtue of the 
less temperature sensitive leakage currents present. The 
overall effect on performance is not necessarily so severe 
as these variations might suggest, since the effective rectifi- 
cation ratio of a silicon rectifier is usually greater than 10° 


JUNCTION LOSSES 

It is obvious that operation of a junction rectifier in a 
conversion connexion will produce electrical losses, which 
may be assessed by the methods described later. The con- 
sequent heat generation from those losses means that the 
rectifier junction will always operate at a temperature 
greater than its surroundings. 


JUNCTION TEMPERATURE 

Apart from its influence on the electrical characteristics 
of the rectifier, operation at an extremely high junction 
temperature may produce undesirable effects in the con- 
stituents of the rectifier assembly. Improvements in pro- 
cessing and encapsulation have been shown to give rectifiers 
capable of operation at 150°C junction temperature for 
very long periods; there is reason to believe, however, that 
a shorter life results from continuous operation at, for 
example, 200°C junction temperature. 

For some applications a short life is acceptable, and in 
these cases an uprating of operating temperature can give 
useful increases in the electrical ratings obtained. For a 
general purpose rectifier a continuous operating tempera- 
ture consistent with long life has the additional advantage 
of permitting a greater momentary temperature to be sus- 
tained if necessary, under transient conditions of forward 
voltage or reverse current surges. 


Thermal Considerations 
JUNCTION LOSSES AND TEMPERATURE DIFFERENCE 

Each watt of junction dissipation causes a heat flow rate 
of approximately 0-24g cal/sec from the junction, that hea 
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flow producing a temperature difference across any thermal 
resistance in its path, such that under steady state condi- 
tions, 
T W. 6 Beg 

where W is the heat flow rate (W) and @ is a thermal 
resistance (°C/W). The operating junction temperature ts 
therefore greater than the cooling medium temperature, 
since a thermal resistance cannot be avoided in the extrac- 
tion of the heat produced. 


TYPES OF RECTIFIER 
For thermal considerations of rectifier performance, 
there are two separate types of rectifier: 
(a) Those intended for ‘ convection cooling’. 
(b) Those intended for * conduction cooling’. 


The first class includes wire-ended and integral-fin recti- 
fiers, where the rectifier dissipating properties in a given 
medium are unalterable. The second class describes the 
Fig. 1. Heat generation 6, 


and thermal resistance path 
of a wire-ended rectifier 


- internal thermal re- 
sistance 
effective 
resistance 


device 
thermal 


- ‘intrinsic’ thermal Ambient 


Junction Case 


resistance 
stud-ended and similar rectifiers, whose dissipating proper- 
ties may be varied by the attachment of different fins or 
heat sinks. The differences between the classes may be 
readily understood by using electrical analogues of their 
thermal circuits. 


Wire ENDED RECTIFIERS 
With a wire-ended or integral-fin rectifier, continuous 
heat flow is from the junction to the case, and thence by 
combined convection and radiation, and conduction 
through the terminations, to the cooling medium (Fig. 1). 
The internal temperature gradient is then 
Tio = W. Ojn 
and will not be affected greatly by changes in the ambient 
environment. 
The external temperature gradient is 
Tea W. 6a 
and will be significantly altered by the effectiveness of the 
cooling medium. The value of 6a for an air-cooled recti- 
fier of 1W rated dissipation is reduced typically to one 
sixth by immersion in oil, to give one illustration. 
The overall thermal resistance of the rectifier is the sum 
of the internal and external components 
Gia Fic + Oa 
and is constant for a given type of cooling, for example 
convection air cooling, or a forced air cooling rate. It may 
therefore be considered as an intrinsic property of the 
rectifier in a stated cooling medium, in which event the 
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junction temperature rise will be directly related to the 
junction losses: 


where 6, is the ‘intrinsic’ thermal resistance, equal to 6), 
(equation (1)). 

The intrinsic thermal resistance is directly measurable, 
by continuous dissipation of a known junction loss and the 
detection of the steady junction temperature by reference 
to its temperature dependent forward characteristic’. Tem- 
perature sensing by use of the reverse characteristic is also 
possible’. 

Fig. 2. Heat generation 
and thermal resistance 


paths of a stud-mounted 
rectifier 


internal thermal re- 
sistance 


4 o_ 


effective 
resistance 


-device 


Ta 
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thermal 


— heat sink thermal 


Junction Stud Ambient resistance 


STUD MOUNTED RECTIFIERS 

Under steady state operating conditions, the heat gener- 
ated at the junction in a stud-ended rectifier may be con- 
sidered as flowing through an internal thermal resistance, 
and then an external thermal resistance to the cooling 
medium. 

The internal thermal resistance from the junction to the 
stud may be assumed constant. The external thermal re- 
sistance is conveniently thought of as a parallel circuit of 
a constant thermal resistance of the rectifier alone, shunted 
by a thermal resistance due to the heat sink. The value 
of the heat sink thermal resistance will be variable (Fig. 2). 

Without an added heat sink the considerations of the 
previous section apply, and the overall thermal resistance 
(the rectifier ‘ intrinsic’ thermal resistance) is 

i, = Gis + 6% 


in which case 64 varies according to the cooling medium 
(or ambient) conditions, but 6;, remains virtually constant. 
For a given maximum junction temperature Tjmaz), the 
greatest dissipation possible without a heat sink will be 
T 1— Ts 
WwW; max) = - — 

and is called the maximum ‘intrinsic’ dissipation at 7, 
ambient temperature. 

If the rectifier is attached to a heat sink or fin of thermal 
resistance 6;, the thermal resistance from the stud to the 
cooling medium will be 

6; . 64 
68 = —— 
- O:+ 64 
Thus the total thermal resistance 
junction becomes 


to heat flow from the 


Gin = is + bea 
A given fin of thermal resistance 6; may have a different 
effect with different rectifiers (due to variations of 64 be- 
tween types of rectifier) and will have a considerably differ- 
ent effect in different cooling media since both 6; and 64 
are dependent upon the cooling system used. 

In the case of a zero thermal resistance (infinite heat 
sink) being attached to the stud—i.e. 6; = O—the external 
thermal resistance becomes zero (from equation (5)), but 
the temperature drop from the junction to the stud is un- 
altered at 

Tis = Ww. 6s 
and the stud temperature is 7, = 7; — W. 6js. 
If the rectifier is now operated at its maximum dissipation 
W max, the maximum junction temperature is produced at 
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a stud temperature of 
Ts maz) = T; max) ~~ W max . is 


W max is thus the ‘ ultimate’ dissipation obtainable at stud 
temperatures up to 7s;max). 

The performance of a stud ended rectifier can therefore 
be determined in terms of a given stud temperature, or of 
a given heat sink thermal resistance and cooling medium. 


HEAT SINKS AND COOLING METHODS 

Separately attached heat sinks for silicon power rectifiers 
intended for natural air convection, forced air draught, and 
liquid coolant immersion may be of the single or multi-fin 
types; much ingenuity has been shown in the development 
of special forms and sections to permit ready interlocking 
and formation of bus connexions. 

Their thermal resistance is measurable, as indicated in 
the previous section, or may be calculated by a variety of 
methods**”. The 6; values can vary from, for example, 
14°C/W for a simple 3in x 3in fin of 1/16in copper to 
0-4°C/W for a 7in length of a multi-finned 6in x 4in 
extruded aluminium section, suitable for a 1W and a 150W 
dissipation rectifier respectively, under natural air cooling 
conditions. 

Higher dissipations, or the need to reduce the tempera- 
ture rise, demand more effective cooling methods such as 
heat extraction by a circulating liquid coolant system. A 
heat exchanger of this form, for example, can dissipate 
1-2kW with an oil temperature rise of 5°C, by an oil flow 
of 2gal/min through a section of area 1-75in’, over a Sft 
length of hollow aluminium bar. 


Steady State Conditions 
DETERMINATION OF FORWARD LOSSES 

The forward characteristic of a silicon rectifier may 
reasonably be idealized, as shown in Fig. 3, to give the 
relationship 

V=ar+ bl 
where a and b are constants. 

Constant a is termed the ‘ threshold voltage’ (vults) and 
the constant b is the ‘slope resistance’ (ohms). Practical 
values are found by extrapolating the line joining the volt- 
age values at Tjmax) corresponding to Im: and Ix, where 


Typical — 
characteristic 


ideclized forward direction 
characteristic 


CURRENT J 


ne — 


VOLTAGE V 
Imo is the mean current and /,, is the peak current in a 
rectifier connexion. The slope of that line is equal tol/b, 
and its intercept with the V axis gives the threshold voltage. 
When conducting in the forward direction, the instan- 
taneous voltage drop will be 
v=a+ bi 
where i is the instantaneous current. 
and the instantaneous power dissipation is given by 
vi = ai + bi* watts 
With a sinusoidal voltage supply and a resistive load, the 
forward current through the rectifier may be assumed to 
be a part-sinusoid symmetrical about a peak value J,., 
and flowing for a conduction period 26 radians, where the 
value of 26 depends upon the rectifier connexion. For 
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example, 26 = x radians in a single phase connexion, or 
26 = x/3 radians in a three-phase push-pull connexion. 
Equation (9) may then be rewritten 
vi = aly cos 6 + blx* cos’ 6 
and the mean power dissipation over the conduction period 
derived as 
al yx bl? 


+ +6 
(vi)ma = ayy . cos 6.d@ + yy f cos’ @. dé 
< “ 


Since there is a fixed relationship (with a given rectifier 
connexion) between the peak current /,, and the mean 
current Jm, per rectifier, and because the conduction period 
is repeated at supply frequency, the mean power dissipation 
per cycle (VJ)mn may be expressed in terms of a and b. 
(VID)m is in fact the forward loss per rectifier, or W: as 
shown in Table 1. 

The same principle of solving the integral vi.dt to 
determine the total forward loss per cycle may be employed 
for other current waveforms. For example, square wave 
conduction in the bridge connexions may be compared with 
the part-sinusoid condition, as shown in Table 2. 


DETERMINATION OF REVERSE LOSSES 

The total loss in the reverse direction is found from 
fvi.dt, integrated over the complete cycle. The voltage 
waveform is largely dependent on the rectifier connexion 
being used, and the reverse current varies according to the 
particular rectifier characteristic. It is therefore difficult to 
generalize, but since the reverse losses in silicon rectifiers 
form a relatively small proportion of the total dissipation, 
it is usually sufficient to approximate their value and con- 
sider this as a constant in normal use. 

If the reverse voltage is taken to be at its crest value for 
a duration appropriate to the connexion (e.g. for 0-67 of 
the cycle in a three-phase bridge) and the reverse current 
is of the maximum value at the maximum rated junction 
temperature, the reverse loss thus found, 

i.e. W, = 2/3 V ow | watts 

where V.» = rated crest working voltage 


is the highest value likely in practice, and may be taken as 
constant without detracting greatly from the calculated 
performance of the rectifier under other circumstances. 


THERMAL INSTABILITY 
It must be remembered, however, that the rectifier 


TABLE 1 
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Ipk CURRENT Jmn 
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characteristics are temperature dependent. The forward 
characteristic of a silicon pn junction has a negative tem- 
perature coefficient; at a given forward current the forward 
losses decrease with increase of junction temperature. This 
tends to a temperature stabilizing situation, but the coeffi- 
cient is relatively small. 

The reverse current, however, increases with junction 
temperature at voltages in the working region. The reverse 
losses due to these voltages and currents may be expressed 
in the form”: 

W, = W, exp (cT) 
where W, = loss at junction temperature of 7\°C 
W, = loss at junction temperature of 7,°C 
c = constant of temperature variation of /, 
T = (7; — Ta) CO) 
Now the total power loss 
w= 
and the heat flow rate 
Wa = (T/6) 
where Wa = power dissipation to ambient 
6 = thermal resistance from junction 
to ambient (°C/W). 
Substituting equation (11) in equation (12) 
W = W, exp (cT) + Wz 
Equation (14) represents the power causing heat generation, 
in which W; may be assumed constant. 
Equation (13) represents the power dissipation properties of 
the rectifier. 

Thermal instability will occur if the rate of generation of 
heat exceeds the rate of dissipating of heat; conversely 
stability is assured if the dissipation rate exceeds the genera- 
tion rate. If the two rates are equal, the maximum possible 
heat flow for thermal stability is present. 

This situation is found by equating the derivatives of 
equations (13) and (14), 

i.e. 1/6 = cW, exp (cT) 
or 
exp (cT) = (1/cW,6) 
Inserting equation (15) in equation (14), 
W max = W, ° al /cW,6) + W; 
or since W; is assumed constant, 
W, max) > 1 / (c . 6) 
The factor c is deduced from the rectifier reverse charac- 
teristics; its maximum theoretical value for the true satura~- 
tion current is approximately 0-115, any surface leakage 
currents effectively reducing this value. The factor # can be 
reduced in the limiting case to 6;, for a stud mounted recti- 
fier; the maximum on the other hand will be 6:\(= 4), + 6a) 
with this type of rectifier, or 6\(= Oj.) for a wire ended 
design. 

The theoretically maximum reverse loss for thermal 

stability will thus be (in the worst operating condition) 
Wrimax) = 1/(c . 6;) 
= (8-7/6;) watts 
This clearly may be exceeded for more efficiently cooled 
rectifiers, and may also be increased in the practical case 
by. the existence of surface leakage currents. 


DIVISION OF LOSSES 

The relation between junction temperature and junction 
dissipation in a rectifier under given cooling conditions, 
and the method by which the losses caused by forward con- 
duction and reverse blocking may be evaluated have 
already been discussed. 

In order to assess the possible performance of a rectifier 
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when used in a conversion connexion, a division of the dis- 
sipation into forward and reverse losses must be made. The 
rectifier could perform equally well as a blocking rectifier 
(100 per cent reverse losses) or as a device conducting con- 
tinuously in the forward direction (zero reverse losses). 
Intermediately, a high forward current and low reverse 
voltage could result in the same total dissipation as the 
converse, in a rectifier connexion. 


ASSIGNMENT OF RATINGS 

For general purpose power rectifier applications, 
especially with a range of rectifiers of one case design, the 
Crest Working Voltage (c.w.v.) rating assigned to a given 
rectifier will be controlled either by the maximum reverse 
dissipation allowable for thermal stability, or by the 
‘breakdown’ (turnover) characteristic of the junction in 
which region the rectifier should not normally be operated. 
If neither of these considerations is overriding it is prob- 
able that the application itself will impose a desirable limit 
on the reverse current, and consequently the reverse dis- 
sipation. In general the reverse loss should not normally 
exceed 10 per cent of the total dissipation. 

The remainder can in principle be produced by the 
forward losses, equivalent therefore to a certain mean 
forward current rating in the particular connexion desired. 
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PEAK VOLTAGE DROP 

As Table 1 shows, the same forward dissipation may be 
caused by different rated currents in different connexions. 
The relationship between the input voltage equivalent to a 
required c.w.v. and the resulting output voltage is well 
known for the more common connexions; thus these ratings 
may be calculated for the connexion desired. 

Assuming the reverse loss and the rated c.w.v. to remain 
constant, current ratings may be deduced in this way for 
all variants of the cooling method applied to the rectifier, 
the ambient conditions in which the rectifier operates, or 
the type of heat sink used. 





PARALLEL OPERATION 

When rectifiers are operated in parallel in a conversion 
connexion, the voltage across each rectifier will be the 
same at any instant. During the period of reverse stress, 
the reverse losses in one rectifier will not be affected by 
the presence of another, since the applied reverse voltage is 
a circuit property only. 

During the period of forward conduction, however, the 
common voltage across paralleled rectifiers may cause quite 
different currents to flow in each rectifier, due to their dis- 
similar forward characteristics, As a result, the maximum 
rated dissipation of one of the rectifiers may be exceeded. 

In the absence of any current balancing influence (from 
series equalizing resistors’, or magnetically coupled series 
reactors) excess dissipation can be avoided by limiting the 
dissimilarity of characteristics of paralleled rectifiers. 

Consider one rectifier X¥ carrying a mean forward current 
Im in a three-phase bridge connexion. The forward losses 
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Fig. 4 (left). Parallel operation 
of rectifiers ¥ and Y causes the 
ma to be 


and / 


Fig. 5 (right). Paralleling recti- 
rectifier 
rated current of 
- each causes an increase §Vi . 
' - in the dissipation of rectifier X 
' 


Y at 


will be 
W; — lan . Vox watts 


Vx being the forward voltage at px = 3/mn. 


If Imn is the rated mean current for that rectifier, one may 
call its peak voltage drop Vxipx) (i.e. at 37mn). 

The parallel connexion of a second rectifier Y, of peak 
voltage drop Vy x), will cause a common peak voltage 
drop Vsyix) when a total mean current of 2/ma is taken 
from the two. Fig. 4 shows that the total current 2/mn is 
composed of Jx(mn) from rectifier X and Jyimn) from rectifier 
af 

The increase in mean current through the first rectifier 
from Imo tO Is(mn) produces an increase in forward loss of 


bw = Tx(mn) . Vay pk) Tan . Vai) watts eevee (19) 


which is controlled primarily by the relationship between 
the peak voltage drop of the two rectifiers, Vipx) and Vyips 
(see Fig. 5). 

The increase in dissipation must not allow rectifier X 
to exceed its rated maximum dissipation if safe operation 
is to be assured. The greatest value of 6W possible is 
dependent upon the nominal loss Im . Vix) of rectifier 
X; the higher the peak voltage drop Vxipx) the less will be 
the allowable increase 5W. Thus to Fig. 5 may be added a 
curve showing the maximum allowable increase in forward 


5, 
Vicor) 


Yow) | Peak voltage 
drop 


Kiron” Rectifier X 


yimn 


RECTIFIER X¥ 


Vergy” 








PEAK VOLTAGE DROP 
RECTIFIER Y 
Vy (pn) 


INCREASE IN FORWARD LOSS 


loss, from zero at the voltage corresponding to the rated 
maximum forward dissipation, to that dissipation at zero 
voltage. 

The intersection of this maximum forward loss increase 
curve with the Vx:x) curve gives the limit peak voltage 
drop Vy px) of a rectifier that may be safely operated in 
parallel. Continuation of this construction evaluates the 
voltage range of rectifiers that may be paralleled in this 
way (see Fig. 6). 


SERIES OPERATION 

Rectifiers operated in series carry the same current at all 
instants. Forward conduction losses in one rectifier are 
therefore unaffected by. the presence of others in the series 
if thermally separate, and each rectifier will perform in the 
Same way as it would if operated separately. In the case 
of thermal interconnexion (see next section) a temperature 
equalizing effect will naturally ensue. 

The reverse voltage distribution, on the other hand, will 
be determined by the reverse characteristics of the 
individual rectifiers in the series and will not necessarily be 
equal. 

Consider two rectifiers X and Y operated in series, whose 
rated reverse voltages are Vx and Vy. Operation at an 
applied voltage equal to (Vz + Vy) will cause a voltage 
distribution shown by the points P, Q, R, Ss in Fig. 7, the 
actual operating point being controlled by the relative 
junction temperatures of the two rectifiers. 

If both junctions are at temperature 7; the operating 
point is P; it is seen that rectifier X is stressed at greater 
than its rated voltage V,. Should this cause an increase in 
junction temperature, the operating point will tend to 
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move towards s, thus reducing the stress across X, This 
effect, together with the simultaneous understressing 
initially of rectifier Y, tends to stability*. The diagram also 
demonstrates the desirability of defining the rated c.w.v. 
of the rectifiers at their maximum operating junction 
temperatures. 

The use of shunt resistance to impose an equalized volt- 
age distribution in the series is not normally desirable, 


5M, 


Fig. 6. The maximum 

forward loss increase 

curve determines the 

forward voltage range 

of rectifiers that may 
be paralleled 





PARALLEL VOLTAGE RANGES 
Yow) 
since it reduces the sensitivity of the self-stabilizing effect 
and could be dangerous in the event of a resistor open- 
circuit. Shunt resistance and capacitance is sometimes 
necessary, however, to equalize the distribution of high 
frequency transient voltages by swamping the rectifier 
capacitance and the unequally distributed capacitances to 
earth of the rectifiers. 


THERMAL INTERCONNEXION 

It will be readily appreciated that stud-ended rectifiers 
on identical but separate heat sinks may operate at different 
temperatures when carrying the same forward current, due 
to differences in the total dissipation of particular examples 
of the same rectifier type. Especially with the higher power 
rectifiers, small differences of forward characteristic can 
thus cause considerable variations in junction operating 
temperatures. Mounting on a common heat sink can reduce 
these temperature differences, and assist towards reverse 
voltage equalization in series connexion. 

Less apparent, probably, is the solution to the rectifier 
designer’s problem of ensuring acceptable reverse voltage 
distribution in an overall encapsulation of series connected 
junctions. The encapsulation could, for example, be of the 
wire ended form where heat extraction is possible only 
from the lead terminations, and the separate junctions may 
have differences in forward characteristic that would cause 
significant inequalities in operating temperature if the junc- 
tions were separately encapsulated and cooled. It can be 
shown that by. manipulation of the internal thermal resist- 
ances, a set of asymmetric parallel paths can be presented 
to heat flow from each junction, and the junction tempera- 
ture rises made less susceptible to differences in dissipa- 
tion of the individual junctions. 
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Fig. 7. Reverse voltage distribution with two series-connected rectifiers 


Transient Conditions 
The previous sections refer to the steady state perform- 
ance of silicon power rectifiers, where the continuous 
operating temperature of the junction is the main concern. 
Their performance under transient conditions is usually 
dictated by the two more important criteria of the junction 
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thermal time-constant, and the minority carrier storage 


effects. 


JUNCTION THERMAL TIME-CONSTANT 

In the same way that a heat sink possesses a thermal 
capacity that influences the rate of rise of rectifier stud 
temperature, there is a thermal capacity associated with 
the internal thermal resistance of the rectifier, that will 
control the junction temperature rise under transient con- 
ditions. The junction thermal time-constant may be 
evaluated from its cooling properties after pulsed 
heating®’" 

In practice, the transient heating effects on the junction 
of a forward current overload determine on the one hand 
the type of duty that can be performed by the rectifier from 
a given steady state condition, and on the other the form 
and speed of operation of protective devices that are neces- 
sary to preserve the rectifier characteristics. 

The junction cooling characteristic will to some extent 
be influenced by the rectifier external thermal resistance, 
whose properties will thus have a bearing on the intermit- 
tent duty possible from the rectifier. 


MINORITY CARRIER STORAGE 

The effect of minority carriers present in the base region 
after commutation is to generate a reverse voltage transient 
on being swept out, due to the presence of inductance in 
the circuit. In polyphase connexions these transients 
appear in the appropriate phase relationship across each 
rectifier*, 

In most cases it is possible by suitable circuit design to 
reduce the transient voltages to a value consistent with 
the reverse voltage rating of the rectifiers, whose con- 
nexion performance need not then be restricted by their 
minority carrier storage properties. 


Conclusions 

The parameters introduced in this article are pertinent 
to the assessment of performance of individual rectifiers; 
the considerations for series and parallel arrangements con- 
cern the performance of rectifiers in one arm only. of a 
conversion connection. 

It should be pointed out, in conclusion, that the deter- 
mination of rectifier dissipation is useful in the evaluation 
of overall efficiency of a connexion, and may be used to 
estimate the voltage drop of a connexion, since the total 
dissipation is approximately equal to the product of the 
output current and the connexion voltage drop. 
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A TACHOMETER 
WITH A HIGH SHORT-TERM ACCURACY 


By C. Reed* 


An alternator speed measuring instrument is described in which speed, within a range of approximately 4-10 per 
cent of a nominal, is indicated. The method used results in a linear scale and can be adapted for other nominal 


speeds and ranges. 
checked and adjusted. 


Accuracy is maintained bya built-in crystal controlled oscillator and calibration is easily 
Some refinements are suggested. 


(Voir page 127 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 132) 


INCE the early days of steam engines many methods have 

been proposed and used for obtaining information on 
speed of rotation. All of the earlier methods involved 
mechanical attachments of one kind or another, later came 
stroboscopic and photocell systems. Apart from differences 
in accuracy in the relatively modern methods of rotational 
speed measurement, presentation of the information takes 
different forms. Systems employing neon _indicators!, 
Lissajou figures?, and cold-cathode counter tubes 3.4, have 
all been described before. 


No method, however, is ideal for 


The output of the mixer is detected and passed through a 
low-pass filter, which removes all modulation components, 
except those in the range 0 to 200c/s. Again, taking the 
nominal case, the resulting 100c/s sine wave is amplified and 
then passed to a Schmitt trigger circuit. The output from 
this circuit is differentiated and passed, via a cathode-follower, 
to trigger a twin-triode constant area pulse generator. A lmA 
meter, in the anode circuit of the first half of the twin-triode, 
integrates the chain of pulses and indicates speed directly. 
The meter has a full scale reading of 200 which now corres- 





all applications. A transducer, in con- 
junction with cold-cathode counter 
tubes and a one-second count, can give 
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a very accurate measurement of the 








rotational speed of a body rotating at 
constant speed. If, however, the speed 
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readings are required at short intervals, 
the use of a suitably damped meter for 
presentation of the results is practically 
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essential. Such a requirement arose 

recently during the on-load testing of 

alternators, the driving force of which 

was subject to variation, and it is the intention of this 
article to describe the form of tachometer used. 


The Tachometer 


The tachometer to be described has been specifically 
designed for measuring the speed at which alternators are 
driven. In this particular case, the frequency generated by 
the alternator during testing was used as the source of speed 
information, and was nominally 1 100c/s. The allowed limits 
were | 075 to 1 125c/s over the range of driving force expected 
during the tests. However, a frequency range of 1025 to 
1 175c/s was considered desirable to assess the extent of 
departure from limits. To obtain an open scale over this 
range of frequency it was decided to subtract 1 000c/s elec- 
trically from the input frequency and to indicate the difference 
only, this, when added to 1 000c/s, giving the result. Fig. 1 
shows the method used. 


Circuit Operation 

The high-pass filter at the input is necessary for reasons 
which will become plain shortly. The input signal, at a 
frequency of approximately 1-1kc/s, is mixed with a locally 
derived signal of 1kc/s and, in the anode circuit of the mixer, 
there are the usual modulation products including a frequency 
representing the difference between the local oscillator and 
the incoming signal frequencies. Taking the nominal case, 
this will be 100c/s. 


* E.M.1. Electronics Limited. 
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Fig. 1. General arrangement of the tachometer 
ponds to 1 000+200=1 200c/s. In the nominal case, the 
reading would be 1 000+-100=1 100c/s. 

To set up the constant area pulse generator, a known fre- 
quency, in the range 0 to 200c/s is required, and this is 
conveniently derived from the Ikc/s local oscillator. Its 
frequency is divided by five and arranged to trigger the last 


1 . : , 
stage at 200c/s and potentiometer RV4 is then adjusted 


5 
until the meter reads exactly full scale. To take full advantage 
of the scale dimension, a meter of the 270° deflexion type is 
used. 

A ‘press to calibrate’ button in conjunction with a pre-set 
potentiometer permits the calibration to be checked and, if 
necessary, adjusted immediately prior to taking readings. 
Thus, the only appreciable inaccuracy is due to reading errors. 


Circuit Details 


Since an input frequency in the range 800 to 1 000c/s could 
also produce a difference frequency of 200 to Oc/s and operate 
the Schmitt trigger, a high-pass filter with a cut-off frequency 
of ikc/s is inserted between the input socket and the mixer. 
The filter used takes the form of a prototype section with two 
M-derived half-sections having M=0-6, as shown in Fig. 2. 
With an input of one volt, peak-to-peak, no trouble is 
experienced from ‘lower sideband’ signals. 

The mixer is conventional, but the impedance of the anode 
load is made to fall with frequency to reduce the amplitude of 
unwanted modulation products. The low-pass filter, follow- 
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ing the detector, is of the same type having M=0-6 and f,= 
200c/s. 

The differentiated output from the Schmitt trigger is fed, 
via a cathode-follower normally biased to cut-off, to the 
constant area pulse generator. This ensures that the negative 
spikes do not interfere with its operation. 

The local oscillator is crystal controlled and its output is 
accurate to within +-0-015 per cent (or 0-15c/s) over a tempera- 
ture range of —20° to +70°C. The output of the local oscilla- 
tor, also passes through a cathode-follower and is squared by 
using silicon diodes which have negligible forward conduc- 
tivity until the applied potential exceeds approximately 
0-5V. The resulting square wave is amplified and then 
differentiated and used to lock the ‘divide by five’ blocking 
oscillator, the output of which is fed to the grid of the cathode- 
follower preceding the constant area pulse generator. In this 
way, the impedance ‘seen’ by the first grid of the pulse 
generator is made to appear sensibly the same, no matter 
whether the input is a tachometer ‘signal’ or for ‘calibration’. 


Conclusions 


Although the tachometer described satisfies the original 
requirement, there are some refinements that could be 


incorporated. To minimize the scale error, the division ratio 
for calibration could be raised to 10:1 thus ensuring higher 
accuracy at the nominal frequency. This could be achieved 


Electronic Control for an Oil Refinery 


An electronic control system manufactured by Evershed and 
Vignoles Ltd, Chiswick, London, is now being installed at the 
Dinslaken Oil Refinery of the B.P. Benzin and Petroleum 
Aktiengesellschaft, Germany, which has a daily throughput of 
100 000 barrels. 

The instrumentation and control equipment applied to two 
crude distillation plants, a hydrofiner, a catalytic reformer and 
a redistillation unit. The whole of the indication and control 
facilities are terminated at the control desks and cubicle. 120 
separate control loops are provided, some of them being inter- 
related by re-setting and cascading arrangements. Temperature 
measurements from 340 different points throughout the refinery, 
effected by thermocouples and used for indication or control 
purposes, form part of the ag pee There are also two 
analysis recorders for percentage H. and QO). 

One of the features of the control desks and cubicle, is the 
use of four quadruplex recorders arranged to permit selective 
recording from 64 different points, distributed in all parts of 
the plant. 

It is thus possible to provide comprehensive facilities for—say 
‘start up’ with a minimum of panel space and with an excep- 
tional degree of simplicity. Each of the 2in charts of the 
recorders may be connected by means of a standard jack-plug 
system to any one of four measuring circuits, so that each 
recorder covers 16 points. The input signal to the potentiometric 
recorders is derived across a 1{) precision resistor which is 
inserted into the circuit when 
required. 

Selection of temperature 
measurements to accommodate 
the magnitude of information 
required at the central control 
room is provided by a switching 
system based on telephone type 
key-switch boards mounted on 
each control desk, so that 
despite the relatively small num- 
ber of recorders, comprehensive 
coverage is provided. 

In general, the temperature 
measuring circuits consist of a 
thermocouple feeding into a 
potentiometric recorder via the 
switchboard. There are, how- 
ever, certain loops where d.c. 
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by using a cold-cathode counting tube, since the long term 
stability of a ‘divide by ten’ blocking oscillator divider is 
rather questionable. In addition, by making use of two of 
the Dekatron cathodes and, hence, dividing by five, a linearity 
checking means can be provided. 

In the event of the speed of the machines under test falling 
outside the range, ‘speed high’ and ‘speed slow’ indications 
would be desirable. This can easily be achieved by including 
two relays, one operated by the output of each filter, so as to 
indicate the following states: 


Output from the high-pass, but not from the 
low-pass filter ‘ Speed High 


No output from the high-pass 5 Meer . Speed Low 


Signal lamps on the front panel pee then indicate the 
prevailing state. 

With suitable filter modifications and an appropriate choice 
of local oscillator frequency and division ratio, this method of 
speed measurement can be used at practically any other 
nominal speed and, within limits, for any given range. 
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amplifiers are employed to convert the thermocouple output 
voltage into a signal suitable as measured value input for a 
process controller. 

During normal operating conditions in individual sections 
of the refinery, a ‘normal operation’ window is illuminated on 
the control panel. Alarm conditions automatically extinguish 
this light and provide flashing illumination of an ‘ alarm condi- 
tion’ window. Acknowledgment of the alarm, by depressing 
a push button on the panel, will change the flashing signal to a 
steady alarm signal. The interlocking circuits are so arranged 
that the steady, ‘acknowledged alarm’ condition cannot be 
terminated until the cause of the alarm has been removed. 

Rapid ‘ one glance’ supervision of the more significant plant 
parameters is afforded by the wide use of ‘ In-Line Scanners’. 
These instruments are essentially moving coil indicators perma- 
nently inserted in the control loops. They présent an unbroken 
shadow line when conditions in each loop are at the desired 
value, Any break in the shadow line will immediately pin-point 
the location of an error condition, together with the direction 
of the error and some indication of its magnitude. By varying 
the sensitivity of the individual ‘ In-Line Scanner ’, small devia- 
tions in the more critical parameters can be made to result in 
a larger deflexion than resulting from changes in those para- 
meters which can be tolerated to fluctuate to some degree. 

This system makes it possible for a single operator to 
supervise a multitude of plant functions, the visual scanning of 
which would be very difficult if continuous reading of similar 
numbers of conventional instrument dials were required. 


The Control Console 
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A Multi-range Electrometer Amplifier Using 
Variable Feedback 


By J. H. Leck*, M.Eng., Ph.D., A.M.LE.E., A.Inst.P. and W. E. Austin* 


The simple electrometer amplifier which is described in this article has been found both accurate 
and reliable over a period of twelve months for the measurement of positive ion currents down to 
10-"A. By using a modern miniature electrometer valve in conjunction with a high gain transistor 
d.c. amplifier having a large overall negative feedback, the advantage of simplicity is combined 
with that of high accuracy and adequate sensitivity. The inherent disadvantage of the transistor 
d.c. amplifier, its temperature instability, has been overcome in this application by using a silicon 
transistor in the first stage and operating with an input from a constant current source. 


(Voir page 127 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 132) 


HE basic principles of this circuit are well established. 

The unknown input current develops a voltage across 
a large resistor (10°Q for example) which is the grid leak 
of an electrometer valve. The resulting changes in anode 
current of this valve—due to the induced grid voltage—are 
measured by means of a high gain d.c. amplifier. A known 
fraction of the output voltage of the amplifier is fed back 
to the cathode of the electrometer valve to give a large 
negative feedback, Thus the overall sensitivity is deter- 
mined by the feedback ratio and is virtually independent 
of the characteristics of the amplifier. In this design the 
electrometer anode current is fed into a transistor rather 
than a conventional valve amplifier. It is well known that 
a transistor d.c. amplifier can be used only if the instability 
introduced by temperature changes at the junction are 
negligibly small, This is achieved by using a silicon pnp 
transistor (OC201) in the input stage fed from a high 
impedance source. When operated in this manner the silicon 
transistor has the advantage over the germanium by at 
least an order of magnitude. 


The electrometer pentode ME1403 provides virtually a 
constant current input to the transistor because of its 
inherently high dynamic anode resistance of much greater 
than 10°. A temperature change of 1°C results in an 
apparent change of the order of 10-°A in the input signal 
of the OC201 which is equivalent to a change of signal at 
the electrometer grid of 0-ImV. (The gm of the ME1403 is 
assumed to be 10-°A/V.) 


Because of the current amplification of at least 20 in the 
first stage of the amplifier germanium transistors can be 
used in subsequent stages. With an OC45 the intrinsic 
current increases by approximately 0-05uA/°C at 20°C. 
Thus each 1°C temperature rise of this junction is equiva- 
lent to an input signal of —0-2mV at the input grid. The 
temperature changes at subsequent stages are, of course, 
correspondingly less important. 


Description of Circuit 

The complete circuit diagram is shown in Fig. 1 and is 
almost self-explanatory. The small input current develops 
a voltage across the resistor R, which is applied to the con- 


* The University of Liverpool. 
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trol grid of the electrometer valve. Any guard rings requirea 
in the input lead should be connected to the zero voltage 
supply line. This valve is operated under the normal recom- 
mended conditions, with a grid bias of —3V and an anode 


+45V 
+3V_, 
— 24V 
























































Fig. 1. The complete circuit 

= 1k, R, = 820, R, = 1k8, R, = 39k2 
10k2, R, = 22kQ, R,= 10k®, R, 
8uF, C, = 0-02UF 
ME1#403 

= OC21, X, = 


3 


OC4S, X,, X, = OC71 


current of 10uA, the anode voltage being 9V positive with 
respect to the cathode and the screen grid variable through 
the range 4-5 to 9V. Variation of the screen potential (for 
which a separate coarse and fine adjustment is recom- 
mended) allows zero setting of the amplifier. The anode 
current provides the input to a four-stage d.c. coupled tran- 
sistor amplifier. In this amplifier the resistors R:, R2 and R; 
provide internal feedback at the intermediate stages. The 
values for the collector load resistors R,, R;, R« and R; are 
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determined by the desired input current to their succeeding 
stages. (The current levels through the amplifier are shown 
in the figure), The output current flows through a resistor 
chain of total value 10k2. 

Overall negative voltage feedback is applied by returning 
the electrometer grid resistor R, to a tapping on this output 
resistor chain. With the particular values shown in Fig. ! 
100 per cent, 10 per cent or 1 per cent can be selected by 
means of the switch $;. Capacitors C; and C2 are included 
in the circuit as shown, C; to improve the stability and C, 
to improve the frequency response. (C; is essential in order 
to prevent self-oscillation when operating with 100 per cent 
feedback.) Four ranges of sensitivity can be selected by the 
switch S;. In position (1) the shunt resistance reduces the 
sensitivity of the output meter by a factor of 10 which 
clearly makes a full scale deflexion for an input signal of 
10V (developed across R,). In position (2) where the meter 
shunt is removed but full 100 per cent feedback retained 
the overall sensitivity is obviously increased by a factor 
of 10. In switch positions (3) and (4) the sensitivity is 
increased to 0-1 and 0-O1V for full scale deflexion 
by reducing the feedback to 10 per cent and 1 per cent 
respectively. 


Operating Characteristics of the Amplifier 

Although all the results quoted in this section refer to 
one particular amplifier, checks have been made and satis- 
factory correlation obtained for four other units built to 
the same circuit diagram but to different circuit layouts. 


The overall internal voltage gain was 4000 and the 
current gain of the four-stage transistor amplifier 20 000. 
The sensitivities of the four ranges were as calculated to 
within +1 per cent, ie., 10, 1-0, 0-1 and 0-01V for full 
scale deflexion, except for the most sensitive range which 
was 2 per cent low. (This is to be expected because with 
minimum feedback (8 = 0-01) the internal gain of the 
amplifier cannot be neglected compared with 1/8). On all 
ranges the linearity was better than +1 per cent of full- 
scale deflexion (the limit of accuracy of the output meter). 
The output reached saturation with a positive input signal 
of 14V. The above performance could be achieved for 
negative input voltages simply by reversing the output 
meter connexion. However, for negative inputs saturation 
was reached with an input of 4V. (This could be overcome 
by slight redesign of the output stages at the expense of 
reducing the range for positive signals). These measure- 
ments of sensitivity and linearity were made by applying 
an input voltage across the grid leak resistor R,. With 100 
per cent feedback applied the bandwidth was found to be 
25kc/s. The importance of the stability of the various power 


TABLE | 


Current drain’from each supply line together with the change in the zero setting 
of the output meter](expressed in terms of an equivalent input signal) for a 1 per 
cent fluctuation in supply voltage. 





SUPPLY SUPPLY CURRENT 
(V) (mA) 


ZERO SHIFT 











Electrometer heater 
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supplies is summarized briefly in Table 1, which gives both 
the measured current drain in each line together with the 
effect on the amplifier output of a 1 per cent change in 
supply voltage. It is clear that the stability of the 3, 7-5 and 
12V lines and the heater supply. to the electrometer are the 
only ones of any critical importance. 

The following measurements of amplifier stability were 
made with the resistor R, short-circuited and the supplies, 
including the electrometer heater, obtained from batteries. 
The background fluctuations in the output meter were such 
that an input signal of 0-ImV could just be detected. Under 
laboratory conditions with reasonably constant tempera- 
ture (less than 2°C change during the day) drift rates of less 
than 0-25mV/h were consistently observed. The tempera- 
ture coefficient of the zero was found to be approximately 
ImV/°C. With R, in circuit there was an additional com- 
ponent to the background fluctuations due to the voltage 
pick-up at the electrometer grid. This naturally depended 
upon the magnitude of R,, the efficiency of screening the 
electrometer unit and the presence of disturbing electrical 
fields. Up to the present time experience has been limited 
to R, not greater than 10°C, With this grid resistor and 
good screening of the electrometer box and grid input lead, 
the total background level varied considerably, at best being 
equivalent to an input signal of O-ImV (/, = 1 x 10-*A) 


and at worst 0-‘SmV ([, = 5 x 10-"A). These fluctuations 
were quite random in nature, having time-constants up to 
10sec. (The fluctuations in the output meter could no doubt 
be reduced by increasing its time-constant up to 10sec.) 


Conclusions 

Operating experience with these amplifiers up to the 
present time has been confined to the measurement of 
small positive ion currents in mass spectrometer work using 
a 10°C input resistor. Completely satisfactory operation 
has been obtained over a period of more than a year. 
Because of their simplicity and reliability batteries have 
been used for all the supplies. This has proved most satis- 
factory. There have been no maintenance problems other 
than the replacement of the batteries at infrequent intervals. 
The battery replacement problem can be reduced if a 
-24 and +7:5(a) voltage supplies are obtained from a 
mains rectifier. As only a minimum of stabilization is 
required for these supplies a small constant voltage trans- 
former in the a.c. mains is more than adequate. Thus, 
because the drain from the +12 and +7-5(b) volt lines is 
small, battery replacement occurs only at intervals of many 
months. 


The biggest operating disadvantage, and the one which 
to a large extent controls the long term zero drift is heater 
current supply to the electrometer valve. This, however, 
is a problem common to all electrometer amplifiers. To 
the present, again because of considerations of simplicity, 
no attempt to use an electronic stabilized supply has been 
made. All the work has been carried out with either a dry 
cell or a well charged 2V accumulator. The limiting drift 
introduced by the transistor amplifier is almost certainly 
not greater than 0:-2mV/h and a total drift level of this 
order could be obtained given a sufficiently stable supply 
for the electrometer (see Table 1). Again the short term 
background fluctuations are set by the input resistor and 
not by the amplifier. In the present application a current 
of 10-"A can be detected only under ideal conditions. In 
normal work the background level is equivalent to a signal 
of between 2 and 5 x 10-%A. 
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A Voltage Tuned Resistance-Capacitance 
Oscillator 


By W. D. Ryan*, M.Sc. Ph.D. and F. E. Hetheringtont, M.Sc. (Eng.). 


The variable capacitance exhibited by selenium dry-disk rectifiers with reverse bias is utilized in a 

bridge type resistance-capacitance oscillator circuit to produce a variable audio frequency dependent 

on an applied d.c. signal. The characteristics of suitable rectifiers, the circuit diagram of the oscillator 
and its operating characteristics are described. 


(Voir page 127 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 132) 


N frequency-modulated sub-carrier telemetering systems 
I ditticutty is experienced in obtaining the relatively large 
deviation of the audio frequency employed. Methods 
proposed in the past include the use of beat-frequency 
oscillators with reactance modulation and resistance-capaci- 
tance oscillators in which the frequency is controlled by 
non-linear resistance in the phase-shift network. This may 
be the anode resistance of a valve’ or a voltage-dependent 
resistor such as silicon carbjde*. The present system, which 
was to be used to relay scintillation data from a radio 
astronomy field station to a centrally located receiver and 
pen recorder, utilizes the capacitance of a dry-disk rectifier 
to control the frequency of the modulating oscillator. 


Selenium Rectifiers as Voltage-Dependent Capacitors 

Certain selenium rectifiers exhibit a relatively large 
capacitance dependent upon the applied d.c. voltage. With 
selected elements the capacitance may be reduced to about 
one tenth of its zero bias value with the application of a 
suitable reverse bias. Associated with this capacitance is a 
shunting resistance of such a value that the unit has a Q 
which may be as low as ten in the audio frequency range. 
This tends to limit applications to simple resistance-capaci- 
tance networks where elements of low Q are acceptable. 

In investigating the properties of different samples, a 
wide variation in characteristics is found although identical 
units did not vary greatly among themselves. Undesirable 
properties found included low values of d.c. back resistance 
and consequent variation in capacitance due to heating, 
long period time lag in capacitance change, possibly due 
to trapping centre migration, which severely limited the 
frequency of the applied bias variation, and a hysteresis 
effect associated with rising or falling bias voltage. The 
available ranges of percentage capacitance variation dif- 
fered widely among the types of rectifiers tested. Differences 
in materials and manufacturing techniques undoubtedly 
account for most of these anomalies. The most suitable 
elements for the present application were found to be those 
in which the selenium had been deposited electrolytically. 

The performance of the phase-shift network may most 
simply be described in terms of the capacitance C and the 
dissipation factor D of the capacitive elements. Fig. 1 
shows the variation of rectifier capacitance with frequency 
for selected values of reverse bias, It can be seen that the 
capacitance falls slightly with increasing frequency. This 
effect is small in comparison with the change produced by 
the bias and is assumed to be constant in the analysis. The 
equivalent parallel conductance G of the rectifier is a 
function of both frequency and bias as can be seen from 
Fig. 2 which shows the variation in conductance for a unit 

* The Queen's University of Belfast, formerly Royal Military College of Canada 

+ Royal Military College of Canada 


ELECTRONIC ENGINEERING 


tested by. a.c. small signal bridge methods. Since G varies 
almost linearly with frequency, a sufficient approximation 
would be to write: 

G=G.+Kw 
where G, (the intercept at zero frequency) and K (the 
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Variation of rectifier capacitance with frequency for fixed values 
of reverse bias 
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slope) are functions of bias. If B is the capacitive suscept- 
ance of the element, then: 
D=G/B 
=G,./wC+K/C 

Thus the characteristics of the rectifier may be described 
in terms of G., K/C and C. The variation of these para- 
meters with applied bias is shown in Fig. 3. Since, in the 
present oscillator, wC is approximately constant, it is 
apparent that D will increase at low and high values of bias 
reaching a minimum in the mid-range. It will be shown that 
a corresponding loss occurs in the phase-shift network. A 
frequency range of about eight to one may be expected as a 
result of the variation in capacitance from 0:16uF 10 
0-02 uF. 


The Phase-Shift Network 
The most economical method of incorporating these units 
in an oscillator is through the use of a modified Wien 
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bridge network, shown in Fig. 4. The modification enables If D; and D. < 0:1, then it may be shown that: 
bias voltage to be applied to the rectifier units in parallel G.Gs 
as shown in the circuit diagram (Fig. 5). With an ideal w = (= ) 
amplifier, oscillation will occur when the phase-shift V\ ac 

and the attenuation A at this frequency is given by: 
rn 


GO: . ' 
A =~ 1+(G»/ Ga) + ———— + (0Ci/G,) . Di+(Gv/wC2) . D» 
Gal2 


iso 


i & 
In the present arrangement Gs ~ G» and C; ~ C2, hence: 
eit A=3+Di+D 


Thus an added term appears in the expression for the 
attenuation consisting of the sum of the dissipation factors 
of the two capacitive elements. An additional factor in- 
fluencing the variation of network loss with applied bias 
is the fact that the admittances Y; and Y2 will not neces- 
sarily have identical values. Though these variations are 
small, the amplitude of oscillation will change until a loop 
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Fig. 2. Variation of rectifier a.c. conductance with frequency for fixed 
values of reverse bias 
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gain of unity is again achieved. This change may be quite 
large depending on the type of amplitude limiting em- 
ployed. A long time-constant limiter such as a thermistor 
or a lamp would maintain a constant output but would 
limit the maximum rate of frequency modulation. An 
instantaneous limiter is to be preferred and is used in the 
present system. In order to avoid the high distortion which 
would be introduced by this method some form of compen- 
sation is required in the oscillator circuit. 





CAPACITANCE 





The Oscillator Circuit 
A nominal centre frequency of 1kc/s was chosen for the 
oscillator. This decision was influenced to some extent by 
the characteristics of the particular rectifiers available. The 
complete circuit diagram is shown in Fig. 5. The first stage 
through the network is zero. In general: is a cathode-coupled amplifier having an effective voltage 
GY gain of approximately eight with zero phase shift. The stage 
(V:/V2) = 1+(Go/ Gs) + —-—- + (¥1/G.)+(Go/ ¥2) .. (3) gain may be controlled by negative feedback from the anode 
GaYs to the grid of the second section of the 12AX7. This stage 
is direct-coupled by a resistance voltage divider to a 6C4 
¥i=Git oCi= oC (D4) cathode-follower, which drives the phase-shift network. 
a wes The output signal is also taken from the cathode-follower. 
and The rectifiers MR, and MR, are DSH6MNI1 six section 
Y2= G2 + jwC:=wC2 (D2 + j) selenium stacks produced by the Syntron Company. The 
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Fig. 3. Variation of rectifier parameters with applied bias 
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six elements in series were necessary in order to obtain a 
sufficiently high shunting resistance to enable the phase- 
shift network to be driven from the cathode-follower, The 
higher network loss at low and high values of bias may be 
partially compensated for by C, and C; respectively. At 
low frequencies the amount of negative feedback is reduced 
due to the increased reactance of Cp»), resulting in an in- 
creased gain. At high frequencies, C:, in parallel with 
rectifier MR» (admittance Y,), reduces the ratio GiC;/ GaCs, 
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Oscillator performance 


thus decreasing the network loss. With the present rectifiers, 
complete compensation is not possible although constant 
amplitude may be obtained over a limited frequency range 
at the expense of much greater amplitude variations out- 
side this range. 


Limiting 

The amplitude of oscillation is limited by the non-linear 
silicon carbide resistor Th connected in the negative feed- 
back path. The d.c. characteristic of the element used is 
shown in Fig. 6. It can be seen that when the peak a.c. 
voltage across the non-linear resistor increases the effective 
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a.c. resistance falls and the amount of negative feedback 
is increased. The 180k) resistor in series with this element 
modifies its characteristics so that the output amplitude 
is maintained at approximately 1-5V with minimum distor- 
tion. If the value of the resistor was reduced, more effective 
limiting would be obtained at the expense of appreciably 
higher distortion. 


Performance of the Oscillator 

Fig. 7 shows the measured performance of the oscillator. 
A frequency: range from 300 to 2 400 c/s was obtained for 
a signal change of 60V. It should be noted that the effective 
bias applied to the rectifiers is less than the signal, due ‘o 
the voltage drop in the 20k{) isolating resistor. The output 
voltage varied from about 1 to 1-5V r.m.s. while the har- 
monic content was 3 per cent at the upper end and 7 per 
cent at the lower end of the frequency range. The open 
circles are calculated points based on expression (4) in the 
analysis. The value of G, used includes the effective output 
resistance of the cathode-follower. 

The frequency stability of the oscillator was checked 
using a stabilized d.c. supply for the bias. During the first 
half-hour after initially switching-on the frequency fell 
by approximately 5 per cent and thereafter remained con- 
stant to within 1 per cent. No doubt large changes in 
ambient temperature would result in greater deviations ‘n 
frequency and may prove to be a limiting factor 


Conclusion 

The wide frequency range which can be obtained with 
this oscillator, and its relative cheapness and simplicity 
indicate its suitability for many types of data transmission 
in which extreme accuracy of response is not required. 
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A New Type of 
Radio Tower 


Two towers of light alloy 
construction have been de- 
signed and manufactured 
by Saunders-Roe Structures 
Ltd, a subsidiary of 
Saunders-Roe Ltd and a 
member of the Westland 
Group of Companies for 
erection on a site overseas 
where a guyed mast could 
not be used and where the 
base area of the mast had to 
be of minimum size. 

The towers, one of which 
is illustrated, are of novel 
design. They are each 366ft 
high in the fully extended 
condition and may be 
adjusted during’ erection 
over a range of 16ft to suit 
the characteristics of the 
transmitting installation. 

Each side of the tri- 
angular base of the tower is 
only 20ft. The diameter of 
each of the tubular legs at 
the base measures only 7}in 
graded to Sin at the top, the 
weight being about 7 tons. 
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BOOK REVIEWS 


Fundamente der Elektronik 


By G. Rose. 214 pp. 431 figs. Demy 8vo. Veriag 
fir Radio-Foto-Kinotecknik GmbH; Berlin. 1959. 
Price DM18.50. 


HE purpose of this book is to provide 

an introduction to the basic principles, 
components and circuits of electronics. 
It is especially intended for workers in 
those fields into which electronics has 
expanded during the past few years. 

In an introductory chapter the various 
types of electronic component are classi- 
field, and a general indication is given of 
their applications. In chapters 2 to 4 the 
functioning of the components is ex- 
plained in more detail, and in each case 
typical circuits are given. Chapter 2 is 
concerned with hard valves, namely 
thermionic diodes, triodes and cathode- 
ray tubes. Chapter 3 deals with gas-filled 
valves. The more recent additions to elec- 
tronics, for example, semiconductor recti- 
fiers and point and junction transistors 
are described in chapter 4. Photocells, 
secondary emission tubes, and magnetic 
amplifiers are also included in this chap- 
ter. In a final chapter actual applications 
are examined more thoroughly. The 
choice is somewhat arbitrary, but on the 
whole some of the more recent electronic 
applications in, for example, control 
engineering, electronic computing, and 
medical electronics have been considered. 

The presentation of the subject is clear 
and concise, and the text is not confused 
by unnecessary mathematics. The book 
appears to fulfil its purpose very well and 
should prove an excellent elementary 
reference work for students of electronics, 

G. D. BERGMAN 


Fluctuation Phenomena in 


Semiconductors 


By A. Van der Ziel. 164 pp. 17 figs. Demy 8vo. 
Butterworths Scientific —_— 1959. Price 
Ss. 


HE author of this volume is a well- 
= known authority on the various 
aspects of noise in electronic devices, 
and presents here a survey of the present 
knowledge of the subject as it applies 
to semiconductors. It is based on the 
work of a number of investigators in 
this field, and the author has endeavoured 
to present the various sections of the 
book in such a way that different 
explanations of the same phenomena are 
compatible. 

The book is intended mainly for the 
specialist, and it is assumed that the 
reader is familiar with the diffusion 
equations for semiconductors, and the 
concept of donors, acceptors, traps, and 
recombination centres. A knowledge of 
the mathematics of probability and cor- 
relation functions is necessary in order 
fully to appreciate the theories of the 
different noise phenomena; a survey of 
these methods is given in Chapter 3. 

After discussing the characterization of 
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noise in electrical networks, the author 
presents a detailed account of generation- 
recombination noise for the case of 
thermal equilibrium, and then discusses 
‘flicker’ noise in semiconductors, and 
noise in photoconductors. A short chap- 
ter on noise in semiconductor resistors 
is followed by an extensive treatment of 
shot and flicker noise in diodes and 
junction transistors, covering three chap- 
ters. The final chapter is devoted to con- 
siderations of low-noise circuits, and 
embraces photocells, transistor amplifiers, 
and diodes as mixers .and parametric 
amplifiers. Throughout the book, the 
author has endeavoured to keep before 
the reader the various problems that 
need further clarification, in the hope 
that further research may be stimulated. 

The book is very well written and 
clearly printed, and contains extensive 
bibliographies at the end of each chapter. 

E. HuGHES 


Proceedings of the National Elec- 
tronics Conference, Volume XIV 


1074 pp. 738 figs. Medi 
Electronics Conference Inc., 
Price $7.50 
I yun volume gives the texts of the one 
hundred papers presented at the 
14th National Electronics Conference 
held at Chicago in October 1958. The 
papers are arranged in 25 groups, each 
group corresponding to a_ conference 
session. The important subjects of tran- 
sistors, microwaves and servomechanisms 
had two sessions apiece, the remaining 
topics each having one session. In this 
way the contents of the volume give a 
balanced picture of developments over 
the whole field of electronics. 

Two of the transistor papers are con- 
cerned with high-current fast-rising 
pulses. In the first paper, circuits depend- 
ing on the phenomena of avalanche 
multiplication and voltage punch-through 
are discussed. Currents of up to 30A with 
rise-times down to 4musec are obtain- 
able from ordinary transistors. The 
second paper describes a radar modu- 
lator using transistors and magnetic- 
cores, the modulator delivers a peak 
power of 24kW to the magnetron at a 
pulse-width of Iusec. Further transistor 
papers deal with the use of the low 
collector-emitter impedance of a satur- 
ated transistor to replace a diode clamp 
and considers some theoretical aspects of 
pulse-width control circuits which allow 
large powers to be controlled with a 
modest dissipation within the transistor. 

Two of the papers on solid-state deal 
with electro-luminescence, in one case 
for a numerical display and in the other 
for a device known as the ‘ luministor ’. 
This consists of an excited phosphor 
optically coupled to a photo-conductor, 
it forms the basis for several novel cir- 
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cuits. The response-time of the lumuinis- 
tor is slow, but it can yield amplifier 
and two state circuits of very low cost. 
Other sections describe developments in 
subjects such as audio, television, aerials 
and computers together with two groups 
of papers which deserve special mention. 
The first of these is concerned with the 
electronic side of the U.S. satellite pro- 
gramme and the second deals with tech- 
nical writing. It is only in recent years 
that the presentation of technical informa- 
tion has been studied for its own sake 
and this group of papers discusses the 
outlook of the professional institutions 
(A.LE.E. and LR.E.), the business firm 
and the general press to the technical 
manuscript. 

The book is well produced and the 
papers are, in the main, well supported 
by references to prior work. The volume 
will undoubtedly find its place, beside 
its predecessors, on many library shelves 

V. H. ATTREE 


Reading German for Scientists 


By H. Eichner and H. Hein. 187 pp. Demy 8ve. 
Chapman & Hall Ltd. 1959. Price 30s. 


ERMAN is the mother tongue of 

both authors who have taught Ger- 
man to students in Canada. Starting from 
the premise that a reading knowledge of 
German is required for a Ph.D. in almost 
all the English-speaking world, they have 
set out to provide just that in preference 
to teaching how to speak or write Ger- 
man. 

A draft of the book has been tried out 
in Canadian courses. Grammar and syn- 
tax are dealt with in such a compressed 
form that students may find it difficult 
to digest it without the help of a tutor 
or teacher. Chapters like the one on 
vocabulary building and the analysis of 
the typical long compound words will 
benefit even those with a fair knowledge 
of the language. The authors state that 
they have dealt with 1 400 words of which 
900 have to be memorized while 150 are 
derivates and 350 have a similarity to 
English terms. 

A strong bias to chemistry can only 
be explained by the background of the 
authors. While some of the chemical read- 
ing matter is quite up to date, physics and 
nuclear science are represented by texts 
published in 1926 and 1937 respectively. 
The section on “wireless communication” 
consists of paragraphs from a 1940 publi- 
cation and a seven-page chapter on “The 
electron in physics and technology” was 
originally published in 1948. 

As far as scientific German is con- 
cerned, the reading matter has another 
disadvantage: The terminology has 
changed completely during the last 20 
years or so and has been ‘ Germanized’ 
in many cases. The new terms are the 
ones which will puzzle the student more 
than anything else. 

One also misses chapters on auto- 
mation, nuclear energy, transistors and 
their influence on instrumentation. Space 
for this material could be found by omit- 
ting earlier chapters with their endless 
string of names and dates. 

E. R. FRIEDLAENDER. 
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Digital Computing Systems 
4 S. B. Williams. 229 pp. 158 figs. Medium 8vo. 
cGraw-Hill P. Co. Ltd., New York, 

London. 1959. Price 60s. 

R. WILLIAMS was one of the 
arliest workers in the field of auto- 
matic digital computers, being the de- 
signer of the first truly automatic 
machine, the Bell System model 1 com- 
puter. This was a relay machine, rather 
than an electronic one, and throughout 
the book the author’s greater familiarity 
with electromechanical devices is evident. 

The publisher’s claim that the book 
provides ‘a broad technical introduction 
to digital computing systems, especially 
written for readers with engineering back- 
grounds . . .” is regretably hardly justi- 
fied. It must be a major criticism of any 
book with such objectives that it fails 
to trace a clear path through the basic 
principles of its subject. By page 14, for 
example, after a short introduction to 
calculating machines (mainly semi-auto- 
matic desk types) operation of a com- 
puter is ‘explained’ using terms such as 
octal code, magnetic tape, matrix plane 
and Flexowriter. 

Throughout the book the uninitiated 
reader is faced with similar difficulties, 
as well as by unbalanced treatment of 
detailed topics, For example, paper tape 
reading and punching equipment receives 
a lengthy description, in contrast with 
which the treatment of the Williams type 
of c.r.t. storage can only be called pathe- 
tic, especially when the elegance and 
lucidity of Prof. Williams’ original 
papers is recalled. 

An unduly large number of errors was 
also noted. Apart from mis-spelling of 
xerographic and styli, and the use of 
modulus 2 for modulo 2, it is stated that 
a magnetostrictive delay line operates by 
virtue of a magnetic wave travelling down 
the line, and that close packing and high 
tape speeds on a magnetic tape storage 
unit are primarily to give a large reading 
signal. Many other examples could be 
quoted. 

The book does have the virtue of pre- 
senting a picture of contemporary Ameri- 
can input/output and other electro- 
mechanical devices, but even here one is 
left with the impression of a miscel- 
laneous collection of facts culled from 
manufacturers’ literature. 

The author frequently makes reference 
to the book ‘High Speed Computing 
Devices’ published in 1950 and has had 
in mind the production of a book supple- 
menting this one and presenting the latest 
developments. The need for such an 
introductory work certainly exists, but 
the present work cannot be said to meet 
this requirement. 


A. C. D. HaLey 


Semiconductors and Transistors 


By D. M. Warschauer. 450 pp. 177 figs. Medium 
8vo. McGraw Hill Pablishing Co. Ltd.. New 
York, London. 1959. Price 50s. 6d. 


HIS is a well-written book at an 
elementary level. Its main charac- 
teristic is the lucidity of the explanations 
given of basic solid state phenomena 
and of the characteristics of semicon- 
ductor devices. About one-third of the 
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book is devoted to a largely non- 
mathematical exposition of the under- 
lying principles of the conduction process 
in semiconductors. This section includes 
a chapter entitled ‘Measurement of 
Semiconductor Characteristics’; Hall 
effect and cyclotron resonance measure- 
ments are discussed in addition to the 
usual measurements of resistivity and of 
lifetime and mobility of minority car- 
riers. Chapters then follow on ‘pn 
Junctions ’, ‘ Transistors’ and ‘* Transistor 
Construction ’. Apart from the final chap- 
ter on ‘ Non-Transistor Devices’ which 
deals briefly with thermistors, photo- 
conductive cells, etc., the remainder of 
the book is devoted to circuit aspects of 
transistors. 

Small-signal analysis is essentially con- 
fined to the zero-frequency condition and 
introduces the resistance, conductance 
and hybrid parameters. The usual for- 
mulae are derived for current, voltage 
and power gain for the three methods 
of connexion. It is unfortunate that in 
figures 10.5 and 13.7 the common-base 
collector characteristics have been in- 
correctly drawn, particularly as figure 
10.5 purports to refer to an ‘ actual tran- 
sistor’. Criticism may also be made of 
section 12.5 dealing with ‘ Low-Fre- 
quency Response’ in which the effect of 
the input resistance of the transistor in 
determining the small-signal emitter- 
base voltage is ignored. Also, the impres- 
sion is given in section 10.10 that there 
is an abruptness associated with the cut- 
off frequency f,, just as its unfortunately- 
chosen name implies. There is a chapter 
on ‘ Amplifiers ’ and another on ‘* Switches 
and Oscillators’. These are descriptive 
rather than analytical and serve to illus- 
trate general principles. 

There are no references to original 
work in the text. In a ‘Selected Biblio- 
graphy’ the titles of twelve books on 
transistors and solid state physics are 
given. There are examples at the end of 
most chapters: answers are not included. 

Despite the shortcomings referred to, 
this is a useful book. It can be recom- 
mended as a first reader on semicon- 
ductors. 

F. J. Hype 


From Microphone to Ear 
By G. Slot. 246 pp. 102 figs. Demy 8vo. Philips 


Technical Library, Eimdhoven. Cleaver-Hume 
Press Lid., London. 1959. Price 21s. 


N this book Mr. Slot’s exceptional capa- 

city for detail takes precedence over 
the more customary approach via ex- 
amples of commercial equipment. It is 
written for the man who wants to know 
the exact reasons, quantities and relative 
values of fundamentals so commonly 
glossed over, An author has to have very 
special gifts to be able to present the 
elementary physical, electrical and musi- 
cal considerations underlying the design 
of disk and tape reproducers in such a 
way that they appeal equally to the ex- 
perienced engineer and the tyro; this book 
is not only very readable, it is fascinating. 

After a historical introduction and a 
short description of the manufacture of 
disk records, Mr. Slot presents an ex- 
cellent discussion on pick-ups, styli and 
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tonearms. There is more detailed infor- 
mation in this section than in any other 
book so far to hand, Not everyone under- 
stands the design of shaded pole motors, 
turntables, drives or record chargers. 
These are lucidly explained. The section 
on amplifiers devotes as much space to 
undesirable properties as to their virtues, 
and there are some good circuits includ- 
ing a transformerless power amplifier. 

The excellent chapters on loudspeakers, 
enclosures and listening rooms are well 
linked, and although wide range electro- 
static loudspeakers are hardly mentioned 
the rest of the material is comprehensive 
in the extreme. Many measurements in 
these chapters, all of which have been 
carried out on Philips equipment, are 
illuminating. In a short review it is not 
possible to describe all the subject matter 
in detail, but the following are examples 
of some points of especial interest. 

Response corrections for 23 different 
makes of record; graph of needle wear 
as a function of playing time; calcula- 
tions for pulley diameters for different 
record and different motor speeds; degree 
of permissable ‘wow’ ranging through 
imperceptible to intolerable; permissable 
degree of intermodulation distortion in 
amplifiers; distribution of sound over a 
loudspeaker cone; critical loudspeaker 
frequency plotted against baffle size; 
chart for computing winding data for 
chokes in crossover networks; table re- 
lating top note loss to gap dimensions 
for various tape speeds; critical frequen- 
cies at which tape echo occurs for various 
tape thicknesses and speeds. 

Stereophony is in the news; Mr. Slot 
deals with it very well, perhaps the most 
informative section being on pick-up 
data, well supported by illustrations. !n 
chapter XI, the author explains the real 
meaning of high fidelity very neatly, con- 
sidering that what means ‘hi-fi’ to one 
may merely be a source of irritation to 
another. This section ends with a list of 
records for testing various features of the 
listening system and some simple gear 
for measuring power output and fre- 
quency response. 

The next chapter covers tape recording 
and here again, the author exhibits his 
unerring instinct for describing those 
details hardly ever to be found in this 
kind of book. The last chapter describes 
the techniques used during a recording 
session, Finally, an appendix gives details 
of an ingenious single-ended amplifier 
and some loudspeaker cabinets. 

The book is one of the Philips Techni- 
cal Library series and is published in 
English, German, French, Dutch, Spanish 
and Italian. The price is a remarkable 
illustration of value for money. 

Mr. Slot is to be congratulated on his 
thorough, clear and at times entertaining 
handbook. It is a real encyclopaedia in 
miniature and does describe the cause 
and effect of all the little points, both 
good and bad, which (one feels) some 
authors consider beneath them. The style 
is refreshing and a tribute should be paid 
to the English translator, Mr. Harker. 


A. DouGLas 
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Semiconductors 


By R. A. Smith. 482 pp. 137 fies. Medium 8vo. 
Cambridge University Press. 1959. Price 65s. 


HIS book is a welcome addition to the 

literature of solid state physics. The 
semiconductor field has grown so rapidly 
in the past few years that even in the 
450 pages devoted here to the physics of 
semiconductors, some important topics 
have received only scant attention and 
some none at all. Dr, Smith has selected 
his material carefully, however, and has 
presented in coherent form a_ unified 
treatment of the subject. Although wave- 
mechanical considerations are introduced, 
the treatment generally used is based on 
the concept of mobile charged particles 
characterized by effective mass tensors. 
Some 350 pages are devoted to theoreti- 
cal exposition. Topics covered include the 
three-dimensional energy band picture, 
impurities and imperfections, the statisti- 
cal thermodynamics of carrier concentra- 
tions, transport phenomena including 
magneto-resistance, thermal effects and 
optical effects. It is pleasing to find a few 
pages devoted to thermomagnetic effects, 
which in many books receive only a brief 
mention in a concluding sentence at the 
end of a section dealing with Hall effect. 
The d.c. theory of pn junctions and of 
n*+—n and pt—p junctions is presented 
for low injection-level conditions and 
brief attention is paid to high-frequency 
effects. It is a pity that a discussion of 
intermediate and high  injection-level 
operation is not included as this is more 
common in practical devices. There is a 
chapter devoted to methods of determin- 
ing the properties of semiconductors: 
principles rather than practices are 
stressed. Two subsequent chapters deal 
with the physical properties of elemen- 
tary and compound semiconductors res- 
pectively. Finally, there is a short chapter 
on practical applications of semicon- 
ductors. 

There is no doubt that this book will 
appeal primarily to the physicist. Parts 
of it will be useful for final year under- 
graduates, although it is more suitable 
as a text book for post-graduate courses. 
It is an excellent source book for 
specialist workers, both physicists and 
engineers. Although there are no detailed 
theories of the physics of operation of 
semiconductor devices in it, the basic 
material will provide an up-to-date back- 
ground for the understanding of such 
theories. It is a book of quality which can 
be warmly recommended. 


F. J. HypDe 


Reports on Progress of Physics 
Volume XXII 


Edited by A. C. Stickland. 634 pp. 188 figs. 
Crown 4to. The Physical Society, London. 1959. 
Price 63s. 


HE survey of physics provided by 
these periodical reviews continues to 
be admirably well-balanced and impres- 
sively well-documented. Perhaps a wider 
than average range is covered in the 
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present volume, articles on nuclear pro- 
cesses at one extreme being set in cosmic 
perspective by H. Bondi’s lucid survey 
of ‘ Relativity’ at the other, and J. Pol- 
lard’s critical treatment of ‘ Progress in 
Vacuum Technology’ reminding us of 
the debt owed by so much progress in 
‘purer’ physics to that difficult art. 

Apart from this latter paper, the elec- 
tronic engineer may find himself im- 
mediately interested in ‘Experimental 
Investigations of the lIonospheric E- 
Layer’ by B. J. Robinson, and perhaps 
also ‘* Radio-frequency Spectroscopy of 
Excited Atoms’ by G. W. Series. 

Robinson’s is one of the first surveys 
to include the recent access of informa- 
tion from the technique of rocket re- 
search. As such it is both especially inter- 
esting and especially vulnerable, since it 
is expressly intended only to bring the 
subject up to date ‘before the analysis 
of the new data (from IGY material) 
begins.’ 

It may best be regarded therefore as 
an expert ‘ guide to form’ for those who 
want to follow the ensuing race intelli- 
gently; but although the author concen- 
trates particularly on the strengths and 
weaknesses of rival theories, he provides 
also a historical and theoretical setting 
and a body of established facts which the 
general reader—particularly the radio en- 
gineer—will find of more lasting value. 
Perhaps most surprising to the uninitiated 
reviewer was the great complexity of fine 
structure revealed in the E-Layer by 
high-resolution ionosondes. 

G. W. Series’s paper is concerned 
mainly with the results obtained by dif- 
ferent methods of existing atomic reso- 
nances in the microwave and radio 
frequency range, rather than with the 
experimental techniques as such. Enough 
details are given, however, to indicate 
the ingenuity of experimentation in this 
field and the importance of the contribu- 
tion now being made in this way by 
electronics to the study of atomic and 
molecular structure. 

Among the remaining contributions 
special interest attaches to a Russian 
paper on ‘ Physical Problems of Thermo- 
electricity’ by A. F. Joffe and L. S. 
Stil’bans. This deals chiefly, as might be 
expected, with the advance in knowledge 
of thermoelectric effects in semiconduc- 
tors, which has been gained largely from 
work in the Soviet Union. Criteria of the 
efficiency of thermoelectric generators, 
refrigerators and heaters are carefully 
defined and evaluated. The reader is 
warned however (p. 188) that questions 
of the choice of materials and the pro- 
duction of optimum carrier concentration 
‘have been as yet very little studied;’ 
and the slenderness of the bibliography 
attests the openness of this exciting field 
to further development. 

Misprints are commendably few, apart 
from a persistent substitution of ‘nuclear’ 
for ‘nucleon’ which abruptly appears to 
haunt the titling of one paper for 18 
pages before it is finally exorcised. 


D. M. MacKay 


EE 18 245 for further details 
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A Unique Book 
from 
Plenum Press Inc. 


* 
EXPLODING 
WIRES 


Edited by 
Wituam G. CHACE 


and 


Howarp K. Moore 


375 pages Illustrated 76s. net. 


This monograph on Exploding 
Wires is the first to be published in 
any language. Based on a Con- 
ference on the Exploding Wire 
phenomenon held in America last 
year, it not only records the 
proceedings of the conference but 
fills a large gap in the literature 
on the subject. The work will 
undoubtedly be of the greatest use 
to a wide circle of workers in the 
scientific and technical fields. 


a 
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Mullard Circuits for Audio 
Amplifiers 


136 pp. Crown 4to. Mallard Ltd. 1959. Price 
Ss. 6d. 


TS book has been prepared by the 
Technical Service Department of 
Mullard Ltd and covers 12 of the most 
popular Mullard circuits including the 
latest designs for stereophonic amplifica- 
tion. In addition to all the mecessary 
circuit information, practical chassis lay- 
outs are suggested for each amplifier. 
Numerous diagrams and photographs are 
included to give the constructor the 
greatest possible guidance. 

The book also contains much useful 
theoretical information, the first four 
chapters dealing with: considerations of 
monaural and stereophonic amplifying 
systems, the sources of distortion in 
recorded sound, high quality amplifier 
systems, and construction and assembly. 





Symbolic Logic & Intelligent 
Machines 


By E. C. Berkeley. 189 pp. 54 figs. Medium 8vo. 
Reinhold Publishing Corporation, New York, 
Chapman & Hall Ltd, London. 1959. Price 52s. 


T= main purpose of this book is to 
make clear the nature of symbolic 
logic and the properties of intelligent 
machines and to show how these two sub- 
jects are related. It is also its purpose to 
explain the application of symbolic logic 
in the design of machines that behave 
intelligently. The design and principles of 
both small and large machines are in- 
cluded, along with specific problems con- 
fronting these machines. 
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Short News Items 


Marconi’s Wireless Telegraph Com- 
pany announce that an agreement has 
been concluded between the Company 
and the Government of India (Ministry 
of Defence) for the manufacture under 
licence in India of v.h.f. multi-channel 
radio terminals and repeaters, and ancil- 
lary equipment. Under the terms of the 
agreement Marconi’s are to supply all 
Necessary technical assistance for in- 
digenous manufacture. The v.h.f. multi- 
channel radio equipments to be manu- 
factured in India are the HM100 series 
developed by Marconi’s for use in terrain 
unsuitable for the construction of line 
or cable routes. They are designed to 
carry up to 48 telephone channels, any 
of which may be sub-divided to give 
either 18 or 24 telegraph channels. 


The Timken Roller Bearing Company 
and The Fafnir Bearing Company of 
New Britain, Connecticut, U.S.A., have 
announced that an agreement has been 
concluded by which a recently formed 
subsidiary of the latter, Fafnir Bearing 
Company Ltd, Wolverhampton, pur- 


chased the business of Fischer Bearings 
Company Ltd, a Timken subsidiary. The 
sale of Fischer, which was until recently 
owned by the former British Timken Ltd, 


results from the Timken decision to con- 
fine their interest to the manufacture of 
Tapered Roller Bearings throughout the 
world. They will however, continue for 
the present, to distribute FBC bearings 
for replacement purposes in Britain, 
through their subsidiary Timken 
Stockists, and in Australia, South Africa 
and Canada through their branches in 
those countries. 


One of the latest E.M.I. colour tele- 
vision cameras left the Hayes head- 
quarters of E.M.I. Electronics Ltd re- 
cently en route for China. With the 
camera went control equipment and a 
Rank-Cintel large screen colour projector, 
which together form a complete closed 
circuit installation. It is the first colour 
television equipment to be exported to 
China by a British company. Designed 
specially for a wide range of industrial, 
medical and scientific applications, as 
well as for broadcast studio use, the 
colour camera incorporates several out- 
standing features. The camera is of an 
entirely new British design, and uses three 
vidicon tubes, and a novel optical system 
to give an improved quality even under 
difficult lighting conditions. It carries a 
lens turret with four positions, and the 
optical system has been designed so that 
the maximum amount of light falls on 
the photo-conductive surfaces of the 
vidicons. Notable for lightness and small 
size, it also has the advantage of being 
cheaper and easier to operate than the 
more elaborate Image Orthicon camera. 
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Capable of producing broadcast quality 
simultaneous colour television signals on 
either 405, 525 or 625 line standards, the 
camera is suitable for use in compatible 
television systems. 


The Salfords Research Laboratories 
of Mullard Ltd. recently held an exhi- 
bition of engineering technology asso- 
ciated with the development of new 
electronic components. Organized by the 
Engineering Division, the Exhibition 
was designed to show the many and 
widely differing techniques evolved in 
the production of the modern intricate 
electronic component. These included 
electro-chemical and photographic pro- 
cesses, the use of plastics both in 
modelling and fabrication, and the use 
of epoxy and polyester resins for encap- 
sulation. 


Telefunken ‘ Microport’ transmitters 
were used by artists during performances 
of ‘Die Czardasfiirsten’ in the recent 
Berlin Festival Week. Wearing concealed 
microphones, the principal performers 
were able to move freely on a stage of 
4 500m? in area. In all, four sets working 
on two channels were used. 


Mullard Limited are offering The Tele- 
vision Society a new yearly premium of 
£20 in order to encourage the presenta- 
tion of original papers on various aspects 
of television. This premium will be 
awarded by the Council of The Tele- 
vision Society to the author of the best 
paper submitted during the year and 
subsequently published in their journal. 
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moved, in a good quality red cloth 

covered case, lettered in gold on the 
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mittance of 27s. 6d. with sender’s 
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closed parcel to:— 
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The British Group for Computation 
and Automatic Control of the British 
Conference on Automation and Compu- 
tation held their Annual General Meet- 
ing on 17 December 1959. The Executive 
Committee was reconstituted for 1960 
under the chairmanship of Mr. J. F. 
Coales, O.B.E., M.A. The Secretariat of 
the Group continues to be provided by 
The Institution of Electrical Engineers. 
The following is a revised list of the 
member organizations which, on and 
from 1 January 1960, constitute Group B: 

Association of Certified and Corporate 
Accountants, British Computer Society, 
Chartered Institute of Secretaries, Institute 
of Actuaries, Institute of Bankers, Insti- 
tute of Cost and Works Accountants, 
Institute of Fuel, Institute of Petroleum, 
Institute of Physics, Institution of Civil 
Engineers, Institution of Electrical Engin- 
eers, Institution of Mechanical Engineers, 
Institution of Production Engineers, Iron 
and Steel Institute, Office Management 
Association, Royal Aeronautical Society, 
Society of Instrument Technology. 
Observer: Department of Scientific and 
Industrial Research. 

One substantial activity which Group B 
has undertaken, in collaboration with 
Group A, is the sponsoring of the British 
contribution to the First Congress of the 
International Federation of Automatic 
Control (1.F.A.C.) which is being held in 
Moscow from 27 June to 6 July 1960. 
As the number of papers submitted by 
British authors exceeded the time and 
space allocated by the organizers of this 
Congress, arrangements are being made 
also for a British Convention on this 
subject to be held in London in Sep- 
tember 1960, at which the surplus of 
suitable papers will be presented. Further 
details concerning the I.F.A.C. Moscow 
Congress may be obtained from the 
Honorary Secretary, Group B, B.C.A.C., 
c/o The Institution of Electrical Engin- 
eers; the arrangements for the British 
Convention referred to above are in the 
hands of the Honorary Secretary, Group 
A, B.C.A.C., c/o The Institution of 
Mechanical Engineers by whom further 
announcements will be made. 


The Semiconductor Division of the 
General Electric Company Limited and 
Semiconductors Limited of the Plessey 
Group of Companies, have entered into 
an arrangement whereby each technical 
sales force will handle information on 
the products of both organizations. 


The third International Exhibition of 
Electronic Components will be held in 
Paris on 19-23 February 1960 at the Parc 
des Expositions at the Porte de Versailles. 
A floor area of 14000m? has been pro- 
vided for this Exhibtion which is an in- 
crease of 20 per cent on last year. The 
total number of exhibitors will be 400, 
of whom a considerable number will be 
from overseas. The Exhibition is being 
organized by the Fédération Nationale 
des Industries Electroniques of 23 Rue de 
Lubeck, Paris 17, from whom further 
particulars may be obtained. 


FEBRUARY 1960 





The Society of Instrument Technology 
of 20 Queen Anne Street, London W.1, 
is to hold a one-day Symposium in Len- 
don on 1 September 1960 on Rocket 
and Satellite Instrumentation. The 
papers proposed are as follows: 

(1) Outline of the Investigations 
planned for the British Space Pro- 
gramme. 

(2) A Design Study on a 
cation Satellite. 

(3) A Digital Data Reduction System 
for use in the static testing of 
Rocket Motors. 
Transducers for 
Testing. 

The Measurement, Transmission 
and Recording of Data in the 
Skylark. 

(6) Ultra-violet 

Satellites. 
The object of the Symposium is to in- 
dicate the fields of new scientific know- 
ledge which have been opened up by 
experiments in the upper regions of the 
atmosphere and in outer space and to 
describe the kind of instrumentation 
which has either already been used or 
will be required for future research, 


Communi- 


Rocket Motor 


Measurements from 


The Electronics and Communications 
Section of The Institution of Electrical 
Engineers, in association with the Inter- 
national Federation for Medical Elec- 
tronics, is organizing the Third Inter- 
national Conference on Medical Elec- 
tronics which will be held at Olympia 
from 21 to 27 July 1960. The Confer- 
ence is planned to bring together mem- 
bers of the medical and _ electronic 
engineering professions so that each 
will gain a better understanding of the 
problems of the other. In conjunction 
with the Conference, the Institution is 
promoting an _ International Scientific 
Exhibition which will be held at Olympia 
at the same time as the Conference, and 
where the research organizations, uni- 
versities, hospitals and industrial organi- 
zations from all over the world who are 
working in this important field, can dis- 
play their latest developments. The 
exhibition is being organized by Indus- 
trial Exhibitions Ltd, 9 Argyll Street, 
London W.1. The Conference will be 
open to all interested persons, and those 
who would like to have Registration 
Forms and further particulars, or who 
are interested in submitting a paper 
should write to the Secretary, The Insti- 
tution of Electrical Engineers, Savoy 
Place, London W.C.2. 


A course on Induction Heating to be 
held in Cambridge on 1 to 2 March 
1960 is being organized by the Process 
Heating Division of Pye Ltd. This 
course, which will be similar to the one 
held in December last, will cover the 
theory of induction heating and the de- 
sign of coils for hardening, annealing, 
tempering, brazing and soft soldering. 
Further details of the course may be 
obtained from Mrs. E. Raeburn, Pye 
Process Heating, 28 James Street, Cam- 
bridge. 
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The twelfth National Aeronautical 
Electronics Conference, NAECON, will 
be held on 2-4 May 1960 at the Biltmore 
and Miami-Pick Hotels, Dayton, Ohio. 
The theme of this year’s Conference is 
‘Electronics probes the Universe’ and 
the technical papers portion of the pro- 
gramme will be limited to four simul- 
taneous sessions. Exhibition space will be 
located in two hotels where aeronautical 
equipment concerns will exhibit their 
latest equipment designs. The Conference 
is being sponsored by the Dayton section 
of the I.R.E. and the Professional Group 
on Aeronautical and Navigational Elec- 
tronics (PGANE). The Publicity Chair- 
man is J. §. Hoorigan of 5387 Maple 
Cliff Ct, Dayton 15, Ohio. 


The number of Television licences in 
Sweden in November 1959, reached 
500 000 which corresponds to 66 sets per 
1000 inhabitants. There are at present 
23 television transmitters in operation 
in the country, covering about 60 per 
cent of the entire population. A further 
19 stations, plus two slave transmitters, 
will be added before 1 July 1960. This 
will bring the number of Swedes living 
in areas within the reach of television 
transmitters up to 5:3 million of the 


country’s total 7°4 million population. 
A continued extension of the network is 
planned for the next few years and by 
1964-65 some 90 to 95 per cent of the 
population will be covered 


Graduate Courses in pure and applied 
sciences are now being made available 
at the University of Birmingham from 1 
October 1960. These courses are pri- 
marily intended for Honours Graduates 
of approved Universities and normally 
lead to either the degree of M.Sc. or the 
Diploma of Graduate Studies after a 
twelve-month course of full-time study. 
Subjects covered include Matheniatical 
Physics, Reactor Physics and Techno- 
logy. Information Engineering and 
Theory of Electrical Machines. Further 
particulars may be obtained from the 
Registrar, The University, Birmingham 
15. 


De Havilland Propellers Ltd. have 
formed a new group to apply their ex- 
perience in System Engineering to the 
development of equipment for the auto- 
matic control of industrial processes and 
manufacture of all kinds. The Group 
has a great fund of practical knowledge 
to draw upon from within the Company 
in such diverse and complex fields as 
advanced electronics, measuring tech 
niques, dynamics analysis, hydraulic and 
pneumatic engineering and servo sys- 
tems. The Group will place particular 
emphasis on the design of integrated 
systems, and here the comparatively new 
techniques of System Engineering will 
be used, backed by digital computer in- 
vestigations where necessary, to produce 
the optimum design at any level of 
complexity. There are now many indus- 
tries which can make use of automation 
and the System Engineering Group ‘s 
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already holding discussions with the en- 
gineering, oil refining, chemical, food, 
sugar, brewing and paper industries, and 
many others. Use will be made of the 
advanced electronic techniques that have 
been developed by the Company. Digi- 
tal systems will be used, when possible, 
to yield accuracy, simplicity and low 
cost. Most designs will incorporate 
transistors and ferrites, since these need 
little space or electrical power and pre- 
sent investigations on their reliability 
show them to be equal or superior to 
many older devices. 


The death is announced of Philip Ray 
Coursey at his house at Headley Down, 
Hants, on 3 January 1960. P. R. Coursey, 
who was born in 1892, was educated at 
University College, London, and became 
assistant to Sir Ambrose Fleming at 
University College, London. During the 
first World War he was Admiralty 
Inspector of Wireless Telegraphy in 
H.M. Auxiliary Patrol and in 1919 be- 
came Technical Research Assistant at 
H.M. Signals School. He became Chief 
Engineer of the Dubilier Condenser 
Company Limited in 1923, a position 
which he held until 1931 when he was 
appointed Technical Director of the 
Company and retained that position 
with distinction until his retirement in 
1957 when he was appointed Technical 
Consultant to the Company in addition 
to retaining his Directorship 


A new microwave link between Monc- 
ton and St. John in New Brunswick 
Canada, and operating in the 2000 
Mc/s frequency band, was commissioned 
on 12 December 1959. This link is be- 
ing used primarily for telephony trans 
missions, but can be switched over to 
transmit television signals, when re- 
quired. The latest type of G.E.C. trans- 
mission equipment is employed, in which 
built-in metering facilities and plug-ia 
panels are used to speed installation and 
minimize maintenance. Work is already 
in progress to extend the link from 
Moncton to Campbellton and from St. 
John to Halifax and Sydney. The equip 
ment is to be manufactured by The 
General Electric Company of England 
and installed by Canadian General Elec- 
tric Company for the New Brunswick 
Telephone Company and the Maritime 
Telegraph and Telephone Company. 


For some three years Mining and 
Chemical Products Limited, of 6 
Strand, London W.C.2, who are pro- 
ducers of the metals Bismuth and 
Indium, have been carrying on research 
in order to provide both these and other 
elements to a very high degree of purity 
suitable for the electronic industry. Their 
range covers Gallium, Arsenic, Tellurium 
and in addition the semiconductor com- 
pounds manufactured from these ele- 
ments. Such materials as Bismuth 
Telluride and Indium Antimonide are 
now available in adequate quantities for 
use in the development of new electronic 
devices. 
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introns TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Regulated Power Supplies 


Dear Sir,—The comments by Thomp- 
son‘ on the article by Collins and Smith’ 
point out the disadvantages of returning 
the pentode anode load to the unregu- 
lated supply voltage. In their reply, 
Messrs, Collins and Smith state their 
preference for increasing loop gain, 
rather than stabilizing the anode load 
return voltage, for alleviation of this 
problem. 

I would like to draw attention to a 
particularly simple and effective method 
of stabilizing the anode load return 
voltage, which essentially eliminates the 
disadvantages in question. Though this 
method was originally described in 
connexion with transistor regulated 


power supplies’, the principle is equally 
well applicable to valve circuits. The 
basic arrangement is shown in Fig. A, 
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Fig. A. Basic arrangement of power supply 
in which it is seen that the pentode 
anode load is fed from a_ voltage 
clamped to the regulator output by a 
reference tube. This circuit performs 
essentially as that of Collins and 
Smith’s Fig. 5 is claimed to do, and is 
described by their equations. More de- 
tailed analysis shows that the equation 
for the regulator output voltage con- 
tains the additional correction terms 


Se 
RM" ~ mM° 
and that the equation for the output 


resistance contains the additional correc- 
tion term 
rl R’ 
RM :* 
where R,’ is a ‘transfer’ resistance de- 
fined as the change in the auxiliary 
supply voltage E,,’ with change in the 
main supply current /, 

These correction terms represent but 
a small degradation from ‘ideal’ per- 
formance. Further discussion, and simple 
methods of obtaining both supply 
voltages E;, and £E;.’ from the same 
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power transformer winding, 
found in the original paper’. 


Yours faithfully, 
R. D. MIDDLEBROOK, 


California Institute of Technology, 
Pasadena, California. 


may be 
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Approximate Methods for Calculating 
the Behaviour of Square Loop 
Magnetic Cores in Circuit 

Dear Sir,—In Mr. Brown’s article 
“Approximate Methods for Calculating 
the Behaviour of Square Loop Magnetic 
Cores in Circuits” in the July 1959 issue, 
the switching of rectangular hysteresis- 
loop magnetic cores under various con- 
ditions is considered. 

The basic equation arising from the 
domain wall motion concept is being 
presented in the article under discussion 
in the form: 


&. = S$ (H H.) 


dB 
7 ae the rate of the flux density change, 


S the switching constant, 

H = the constant field provided by the 
step current. 

H. = the coercivity. 

From the physical point of view, 
equation (5)* is true only in the case of 
some peculiar shapes of domains’ and 
for switching times of order lusec or 
more, when the accelerating term in the 
domain wall differential equation? is 
negligible. Nevertheless, in the practical 
situations being considered by Mr, 
Brown, the utilization of equation (5)* 
for the prediction of the switching time of 
a core gives fairly good results. There- 
fore, equation (9) in Mr. Brown’s article 
relating the switching time of a core 
resistively loaded with the parameters of 
the whole circuit, is true. This equation 
is, however, of rather theoretical in- 
terest and cannot be extended to the 
loaded conditions, in which the core 
under consideration is being used as a 
driver for other cores which are highly 
non-linear resistances with switching 
times depending on several factors. 

The switching time of a core being 
loaded by other cores under constant 
magnetizing current conditions can be 
evaluated by introducing the equivalent 
resistance concept’: 


* The formulas marked by the asterisk are the 
original as being presented in article discussed. 
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O-87¢, - 
—x (1—H,/H) [2] 


(1) 


the saturation flux of a 
core (Mx) 
H the magnetizing 
field (Oe) 
the threshold field beyond 
which the irreversible 
changes of magnetization 
occurs, H, nearly equals the 
coercivity H,. 
the main magnetic 
length (cm). 
N numbers of turns. 
The coefficient S’ is being determined 
by the well-known relation: 
y 7 (H — HA.) oon ee 
T the switching time of a core. 
This constant is related to Mr. Brown’s 
S coefficient by: 


where @s 
constant 


H, 


path 


2 o 
> 
q = the cross-sectional area of a core. 
For practical purposes one requires, of 
course, the switching time of the driven 


Ss’ . GB) 





Wi 


A\\— 
(a) (b) 
Fig. 1. Driven cores and equivalent circuit 
cores (Fig. 1) to be not longer than 
that of the core being a driver. If one 
assumes, for simplicity, equality of both 
switching times and then takes into 
account the relations (1) and (2) for deter 
mining the equivalent resistances Ra 
(driving core) and Ry, (driven core), and 
then considers the equivalent circuit 
given in Fig. 1(b), then: 


1:25 R S’ ly 10° 
nNosi + = (i — (A, /H,) 
Nz min) = ——______——— —— 


Nymin the number of secondary turns 
needed for the satisfactory 
operation of the whole circuit, 
number of cores to be driven, 
saturation flux of driving core, 

= saturation flux of driven core, 
the whole series ohmic resist- 
ance in the driven circuit (Fig. 
1), 
the driving field of a core being 
the load, 
the mean magnetic path length 
in the driven core. This formula 
gives the lowest number of 
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secondary turns of driving core 
necessary for the driven core 
to be completely switched in 
the required time 7,, which 
gives the numerical value of 
H;,, by the use of equation (2). 
The whole magnetizing current 
needed can be determined in 
the same way: 


‘5 Hy 


esi aN, 


(N, ly + Ia} [A]... G) 
where: N, = number of primary turns, 
lj = the mean magnetic path 
length of driving core (cm), 
H,, = the field previously deter- 
mined (Oe). 
It is of practical importance that the real 
ampere-turns applied should be taken 
somewhat larger than calculated from 
equation (5) with regard to safety margin. 

As a matter of fact Mr. Brown has 
not given any formula useful for the 
calculation of equations (4) and (5) 
although he tended to solve the problem. 
I regret that with regard to saving of 
space the details of derivations must be 
omitted and the discussion must be 
shortened. 

The problem of driving the cores from 
an imperfect current source can be solved 
by the application of Kirchhoff’s law to 
the circuit given in Fig. 2: 

V —ndg/dt —iR= 0 
n = number of cores to be driven, 
i=the driving current (instantaneous 
value), 
the whole 
circuit, 
the constant e.m.f. of the applied 
voltage source, 
the magnetic flux in a particular 
core (instantaneous value). 


series resistance of the 


pH 


a 
wa 


Te ‘ 


Fig. 2. Cores driven from imperfect source 


‘aamae 














Taking the general relationship arising 
from  comsiderations performed by 
Papoulis and Chen' in the form: 


S’ = f{ (H(t) — H,) dt 


N f [i() — I, ]dt . (7) 


N = number of turns, in the case under 
consideration N = l, 
H(t) =the arbitrary magnetizing field 
being the function of time 1, 
i(t) = the driving current related to H(t) 
by well-known equations, 

Tt = the switching time of the core. 
The switching time, 7, can be determined 
by integration of equation (6) and utiliz- 
ing equation (7) for the case of double 
coincidence switching: 
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_ RS,’ + 4Nos 

~ 2—-I1,R 
If we substitute the 
from Mr. 
obtain : 

7t = [1.12 + 0-027 n] 10~-*sec (8’) 

The numerical value of S,’ was evaluated 
by the use of data given in Fig. 9 of Mr. 
Kaposi's article*. 

It is worthy to note that equation (8) 
is indeed the same as equation (17) in 
Mr. Brown's article except for the term 
containing co-efficient S$,’ which should 
be determined by the use of equation (3) 
Nevertheless, it can be easily proved that 
the switching times evaluated by the use 
of equation (8’) are in fairly good agree- 
ment with those obtained experimentally 
and presented in Fig. 7(b) of Mr. Brown's 
paper, contrarily to results presented in 
the article. I believe therefore the dis- 
crepancy between the results obtained by 
calculation and those obtained by 
measurement cannot be due exclusively 
to a_ simplified theoretical approach. 
Maybe the switching constant § has been 
evaluated experimentally by a method 
not assuring the adequate accuracy of 
measurement. Nevertheless, it does not 
justify generally the simplifications made, 
where more correct relationships are 
known. The agreement between the equa- 
tions based on simplifying assumptions 
and those obtained by the use of more 
correct methods may be sometimes 
casual; in the case under consideration 
it can be due to the averaging effect of 
integration performed. 


Yours faithfully, 
A. GORAL, 
Poland. 


. (8) 


values 
simply 


numerical 
Brown’s article, we 
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The Author Replies: 


Dear Sir,—In reply to the three main 
sections of Mr. Goral’s letter: 

(1) Mr. Goral gives no reasons to sup- 
port his statement that his equation (3) 
is more fundamental than his (1). Papoulis 
and Chen start from (1) and this, with 
¥(B)=constant, is my own starting point. 
The “constant” S’ depends on the switch- 
ing mechanism and is more generally a 
function of H. 

(2) The constant S’ of Goral’s equation 
(3) depends on the core size and is not a 
true constant of the material, Therefore 
if cores of different size are used for 
switch core and storage core S’ is dif- 
ferent for these two cores and, as a result, 
Goral’s equation (6), Hyg Hy, is not 
valid. 

(3) Mr. Goral has concentrated on Fig. 
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8(b) and +, and ignored Fig. 8(a). It is 
possible to make 8(b) a better fit by using 
a different value for S. This affects the 
intercept only (term P of equations (14) 
and (15) of my article) but not the slope 
(term Q). But by using such a different 
value the agreement of Fig. 8(a) will be 
destroyed. 


Yours faithfully, 
D. A. H. Brown, 


Ministry of Aviation, 
Great Malvern, Worcs. 
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Observations of Rotational 
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A Simple Time Marker 

Dear Sir,—It is often desirable to use 
the mains supply as a timing marker 
when taking continuous photographic 
records of oscilloscope traces. At the 
higher film speeds a 50c/s trace is so 
elongated that it is difficult to determine 
the exact peak of each wave with cer- 
tainty. 
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Fig. 1. Time marker circuit 


The circuit shown in Fig. 1 will pro- 
vide sharp pulses of 1/S0sec intervals 
(Fig. 2 is from a film taken at 7Sin/sec). 
The mains supply is taken to input 1. 
The Zener diode (A) produces a square 
wave which is then differentiated to 
produce pulses of the form shown. Diode 
(B) is included to suppress the ‘ negative- 
going’ pulses. 





Fig. 2. Palse unit output 


Input 2 is included to allow phasing 
with a variable frequency supply if this 
is desired. The advantage of using a 
capacitor dropper with mains supply is 
to reduce heat dissipation in the circuit 
and to isolate the output from the mains. 

The component types and values are 
not critical and can be chosen to suit, 
but the input capacitors should be able 
to withstand the supply voltage (1 000V 
d.c. types were used). 


Yours faithfully, 
J. J. Tuomas and C. H. J. Darr, 


The English Electric Company Limited, 
Stafford. 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


accessories and test instruments. 


(Voir page 123 pour la traduction en francais: Deutsche Ubersetzung Seite 128) 


FREQUENCY METER 
(/Ilustrated below) 
Airmec Ltd, High Wycombe, Buckinghamshire 

The frequency meter type 265 will 
measure the frequenccy of a repetitive 
waveform in the range 10c/s to 100kc/s 
to an accuracy of +1 per cent. The input 
waveform is squared and limited, and 
applied to an integrating circuit, the volt- 
age across which is indicated on a large, 
clear, panel meter. The circuits are so 
arranged that the meter reading is in- 
dependent of the amplitude or waveform 
of the input voltage. 

One application of the instrument is 
as an electronic tachometer. The speed 
of a rotating shaft may be measured 
directly by arranging that the shaft makes 


we 


or breaks a contact at each revolution 
and applying a voltage, thus interrupted, 
to the frequency meter. Alternatively, by 
employing the Airmec optical probe type 
283 in conjunction with the frequency 
meter, detection of movement is carried 
out by reflection or interruption of a 
light team, and speed measurements may 
be obtained without loading the equip- 
ment under test in any way. 

The frequency meter is fully tran- 
sistorized, light, and portable, and may 
be powered from a.c. mains or the inter- 
nal batteries. Power supply and signal 
connexion for the optical probe are avail- 
able at a rear socket. An internal cali- 
bration check is provided by means of 
a stable Skc/s oscillator, and the meter 
is calibrated directly in frequency and 
revolutions per minute. An external 
meter or recorder may be fed from a 
socket on the front panel. 

EE 18751 for further details 


SLEEVE TRIMMER CAPACITORS 
(illustrated above right) 

Erie Resistor Lid, | Heddon Street, London, W.1 

In response to a demand from industry 
for an inexpensive stable low loss 
ceramic dielectric trimmer capacitor of 
simple robust construction and light 
weight, suitable for point-to-point wiring, 
on or between tag boards, across wafer 
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switches, and so on, Erie have developed 
type CT.20, which fulfils these require- 
ments, and is suitable for a diversity 
of applications. The capacitance range 
covered is IpF to 6pF, and adjustment 
is by positioning the sleeve with an in- 
sulated trimming tool the sleeve being 
provided with lugs for this purpose. 
Noteworthy features are that both elec- 
trodes can be non-earthy—since there is 
no obligatory earthy mounting arrange- 
ment—that there is scope for mechanical 
coupling, by virtue of the design of the 
lugs provided for adjustment, and that 
there is also scope for printed circuit 
use, due to the light weight and wire 
terminations, 
EE 18 752 for further details 


STABILIZED L.T. POWER UNITS 
(Illustrated below) 
Lexor Electronics Ltd, 25 Allesley Old Road, 
Coventry 

Two new miniature transistorized stabi- 
lized power units have been announced 
ty Lexor Electronics. These are the 
L.T.12-05 and LT.24-05 having output 
voltage ranges of 5-5 to 14V and 18 to 
28V respectively at output currents of 
0 to 500mA d.c. floating. Output voltages 
are continuously variable over the stated 
ranges by either knob or pre-set control. 
Regulation is better that +0-15 per cent 
for +10 per cent mains voltage change 


, 
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will occupy a stand at 


LE SALON DE LA PIECE 
DETACHEE 


to be held in Paris from 19 to 23 
February, and visitors will be welcome 











and/or zero to full load. Basic noise and 
ripple is less than 2:-5mV_ peak-to-peak 
and the units are continuously rated for 
an ambient working temperature of 40°C. 

The equipments are fully transistorized 
and mounted in enclosed miniature 
instrument cases. Mains input can be 
adjusted to suit 200 to 250V, 50c/s— 
units are fitted with mains and output 
fuse protection and voltmeter monitor 
sockets. 


EE 18753 for further details 


PULSE AMPLIFIER 
(Illustrated below) 
Ekco Electronics Ltd, Southend-on-Sea, Essex 
Ekco Electronics have announced a 


new general-purpose high-stability pulse 
amplifier, type N640, with a wide fre- 
quency response. It is designed for use 
with scintillation counters without built- 
in amplifiers and will drive ratemeters 
and scalers requiring an input of 5V or 
more. 

A six-position gain selector is in- 
corporated and the low impedance out- 
put is positive-going for a negative-going 
input. A simple modification enables 
Negative-going output to be obtained if 
so desired. Power supplies are obtained 
from the associated ratemeter or scaler. 
It has a gain approximately constant 
from 50c/s to 200kc/s and the upper 
half-power frequency is I1Mc/s. 

EE 18754 for further details 


LONG PLAYING TAPE RECORDER 
(Illustrated above right) 


Epsylon Industries Ltd, Fages Road, Feltham, 
Middlesex 


The Paraphone is designed to operate 
unattended indefinitely, to give a total 
of 40 hours recording or replay before 
repeating. A tape speed of 3jin/sec has 
been selected to give a_ frequency 
response of 60c/s to 6kc/s within the 
3dB points and Sin reels containing 
1200ft (365m) of thin based tape give 
1 hour’s recording per track. In order 
to achieve 40 hours a two track head is 
used on a cam assembly giving 20 posi- 
tions for the heads on a lin tape. The 
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method of operation is such that 20 
tracks of recording are made with one 
head and then a further 20 tracks are 
made with the second head. 

Two capstan assemblies with counter- 
rotating flywheels are driven from a 
single capstan motor and move the tape 
in the direction appropriate to the 
selected track—even numbered tracks 
having the tape travelling from left to 
right across the heads and odd numbered 
tracks from right to left. A photo-electric 
cell actuates solenoids to change tape 
direction and move the heads to the 
next track. 

A feature of the machine is the auto- 
start position which causes the machine 
to fast spool to the correct end of the 
selected track, then to reverse and play 
that track. 

Push-buttons give start, fast spooling 


in either direction and stop in addition 
to the auto-start position. Operating the 
‘start’ button will cause the machine to 


start normally from the 
which it is stopped. 

A three-position switch on the deck 
gives, on a replay only machine ‘ off’, 
an output of ImW at 6002 and a 2W 
output at any desired impedance. In the 
latter position an internal speaker can 
receive the full 2W output or give a low 
output for monitoring purposes. If the 
power is removed from the machine it 
cannot be restarted until this switch is 
returned to the off position and then 
reset to either of the other two positions. 
On a record-replay machine there is a 
four position switch, giving in the fourth 
position ‘record’. 

All the electronic circuits are tran- 
sistorized and supplied via a transistor 
voltage stabilizing unit. The machine can 
be supplied for operation from a 28V 
d.c. sunvly (for aircraft use, etc.), or, by 
the addition of a separate power supply 
unit, from any standard mains supply. 

EE 18 755 for further details 
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STANDARD SILICON SOLAR CELLS 
(illustrated above right) 


International Rectifier Co. (Great Britain) 
Hurst Green, Oxted. Surrey 


To provide accurate radiation measur- 
ing standards with which to check the 
efficiencies of production silicon solar 
cells, the International Rectifier Co. 
announces the availability of secondary 
standard silicon solar cells. 


Ltd, 
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These cells are specifically designed for 
calibration of artificial light sources in 
terms of solar energy radiation. They 
may be considered to be the solar cell 
analogue to the pyroheliometer standard. 
Manufacturers using them will be able 
to evaluate incoming solar cells for 
efficiency, without the need of a pyro- 
heliometer or other complex light- 
measuring device. 

Each cell is selected to be of at least 
9 per cent conversion efficiency, and is 
accurately calibrated to its exact efficiency 
rating. Before each cell is packaged, a 
calibration curve is made showing the 
efficiency of the unit at certain radiation 
intensities and specified temperature con- 
ditions. This calibration curve is mounted 
permanently to the instrument case, and 
accompanies the standard cell to the 
customer. 

These calibrated cells are mounted in 
a rugged, shock resistant housing and 
protected by coated optical glass win- 
dows. They have thermocouple leads 
attached for measurements of cell tem 
perature. 


EE 18756 for further details 


A.M.-F.M. SIGNAL GENERATOR 
(lllustrated above right) 


Taylor Electrical Instruments Lid, Montrose 
Avenue, Slough, Buckinghamshire 


This signal generator is designed mainly 
for the servicing of a.m. and f.m. high 
frequency receivers and the i.f. stages of 
television receivers. The 61A_ provides, 
in conjunction with an oscilloscope com- 
plete facilities for the sweep alignment 
of the r.f., i.f. and discriminator or ratio 
detector stages of a.m. and f.m. receivers. 
The speedy and accurate method of ratio 
detector alignment using simultaneous 
a.m. and sweep signals is available. 

The a.m. generator covers the range 
4 to 120Mc/s in 5 bands, all on funda- 
mentals. Calibration accuracy is +1 per 
cent and modulation depth 35 per cent 
at 400c/s. The f.m. and sweep section 
also operate on fundamentals, avoiding 
the confusion and poor frequency 
accuracy inherent in the frequency dif- 
ference method. The f.m. and sweep 
bands cover frequencies from 4 to 
12Mc/s and 70 to 120Mc/s in three 
bands, Calibration accuracy of the f.m. 
generator is +2 per cent. The a.m. 
generator may be used as a marker dur- 
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ing sweep alignment. A variable phasing 
network is incorporated and retracing 
blanking is provided. 

Deviation on f.m. is variable up to 
100kc/s from the mean carrier frequency 
at a modulation rate of 400c/s. The 
sweep covers a total bandwidth of 1Mc/s 
at power line frequency. A crystal cali- 
brator circuit with switch selection of any 
one of three internally mounted crystals, 
is incorporated. Crystals which may be 
selected in the frequency range 1 to 
11Mc/s can be supplied. 

All the facilities offered in the 61A 
model can be selected by internal switch- 
ing, no cross connexions external to the 
instrument being necessary. There is 
choice of c.w., a.m., f.m., sweep plus 
c.w. or sweep plus a.m. by internal 
switching. When using the sweep facility, 
the marker level may be continuously 
varied. 

A five-section attenuator with a non- 
inductive potentiometer provides attenua- 
tion over the whole frequency range. 
Radio frequency leakage has been re- 
duced to a minimum by careful shielding 
of the attenuator and oscillator sections. 

The new Taylor edgewise meter is 
used for monitoring the r.f. output. 

An added facility in the servicing of 
audio stages is provided by a variable 
level 400c/s signal. 

EE 18757 for further details 


ANTI-STATIC FLUID 


Sionic Ltd, Cromwell Heuse. Wood Ead Green 
Road. Hayes, Middlesex 


The Sionic anti-static fluid has been 
develoved for use in all fields where dust 
pick-up through static attraction is a 
major problem. It is stated that test 
results have shown that both positive 
and negative charges exist on the surface 
of moulded plastics. The highest charges 
are of positive polarity and are created 
by separation of the moulding from the 
metal mould. The charges of lower poten- 
tial may te either positive or negative 
and may be the result of mouldings or 
hot processings, fabricating. wrapping, 
polishing or simply normal handling and 
storing 

Air-borne dust is attracted to and is 
held by these electrical charges. There 
appears to be no relation between dust 
pick up and the size, shape or flow pat- 
tern of any moulding. The type of mould 
lubricant used and the method of pro- 
duction, however, do seem to influence 
dust pick up. 
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The life of the anti-static coating under 
normal conditions is approximately one 
year, or more. The coating itself is a 
mono-molecular layer, which means it is 
so thin that it cannot be measured by 
ordinary means. It is completely trans- 
parent and in many cases renders the 
treated material more pleasant to the 
touch. 

The fluid is equally suitable for use on 
cathode-ray tube screens and meter 
ylasses and is available either in a 160z 
Aerosol or in bulk form for industrial 
use. 

EE 18758 for further details 


SUB-MINIATURE RELAY 
(ilustrated below) 


Distributed in U.K. by: Counting Instruments Ltd, 
5 Elstree Way, Borcham Wood, Hertfordshire 


This hermetically sealed relay, type 
RZO, is manufactured by Telefon Fabrik 
Automatic A/S, Copenhagen, Denmark. 
it measures only jinx jinx}in yet is 
rugged enough to withstand extremes of 
temperature, heavy shocks and severe 
vibration. 

The RZO is a double coil unit with two 
changeover contacts, operated by a rotary 
balanced armature. The contacts are made 
of gold plated hard silver. 


To eliminate the risk of contact con- 
tamination caused by gassing from the 
coil forms, these are made from a selec- 
ted ceramic material. 

All connexions in the relay, except in- 
side the coils are welded and thus re- 
sistant to heat, shocks and vibration. The 
standard versions are fitted with hook 
terminals or plug-in type base. 

Before sealing, the relay is evacuated 
under heat and filled with dry nitrogen. 

The illustration shows the relay re- 
moved from its container. 


EE 18759 for further details 


CONTAMINATION MONITOR 
(/llustrated above right) 


Plessey Nucleonics Lid, Weedon Road, 
Northampton 


A new general purpose monitor, with 
a range of accessories permitting con- 
siderable versatility, has been developed 
by Plessey Nucleonics. In addition to the 
monitoring of radioactive contamination, 
its applications include the assay of 
solids and measurement of activity in 
large or small samples of liquid. It is 
particularly suitable for such high sensi- 
tivity measurements as are needed for the 
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assessment of radioactivity in evaporated 
water samples. 

The monitor, type PNI 1065, is fully 
transistorized, It is mains operated for 
normal factory, hospital or laboratory 
use, but there is alternative provision for 
running from a 12V battery. E.H.T. is 
adjustable over a range suitable for most 
Geirger Miiller and scintillation counting 
applications; a scintillation counter pre- 
amplifier is included. 

The count rate is indicated on a rate- 
meter with a range of from 0 to 1000 
counts/sec; for low rates there is an 
electromechanical count register with a 
maximum operating speed of 25 impulses / 
sec. The range of accessories being pro- 
duced for use with the monitor includes 
lead castles, a liquid probe and a beta/ 
gamma hand probe. 


EE 18 760 for further details 


PARAMETRIC AMPLIFIER DIODE 
(llustrated below) 
The General Electric Co. Lid, Magnet House, 
Kingsway, London, W.C.2 

The EW97/1, a variable capacitance 
diode designed for use in parametric 
amplifiers at frequencies up to S-band, is 
now in production by G.E.C. The com- 
pany claims that it is the first device with 
these qualities to be made available in 
the U.K. 

The diode is suitable for use in radar 
and other communications systems. De- 
signed for high power dissipation, it needs 
no elaborate precautions against surges. 

It is mounted in a coaxial structure for 
direct insertion into coaxial and wave- 
guide circuits and it has the low series 
inductance of 0-Sm#H._A reverse polarity 
version (EW98/1) is also available. 

Because of its very low forward im- 
pedance and very high reverse impedance, 
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the device can be used as a microwave 
switch. Another application is as a 
frequency multiplier—an important aid 
towards the future design of microwave 
receivers based entirely on solid state 
devices. 

The inter services prototype references 
are: VX3314 (EW97/1), and VX3333 
(EW98/ 1). 

EE 18761 for further detais 


ENCLOSED RELAYS 

Radiospares Ltd, 4-8 Maple Street, London, W.1! 
A range of small, robust d.c. relays has 
recently been announced by Radiospares 
Ltd. The relays are fitted with d.p.c.o. 
solid silver contacts rated at 250V, 2A 
a.c. (non-inductive). The connexions are 
to a tag panel mounted on top of the 
cadmium plated steel case. The tags, 
together with the connexions to the coils 
are protected by a varnish-flux against 
corrosion and to ensure easy tinning. The 
relays have moulded bobbins with varnish 
impregnated windings with a resistance 
of either 1k2 or 12kQ for nominal 12V 
or 50V operation, The relays are intended 
primarily for general laboratory or in- 

dustrial use. 
EE 18 762 for further details 
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ULTRASONIC CLEANER FILTER 
(Illustrated above) 


Dawe Instreaments Ltd, 99 Uxbridge Road, 
ndon, W 


Due to the effectiveness of ultrasonics, 
the cleaning solution becomes loaded 
with suspended dirt and has to be re- 
newed at frequent intervals, depending 
on the state of the components being 
cleaned, Apart from the time lost in 
changing the solvent, the repeated re- 
newal of solutions which are still active 
can be very expensive. 

The type 1181 filter unit has there- 
fore been introduced by Dawe Instru- 
ments Ltd to provide for the continuous 
removal of solid matter from ultrasonic 
cleaning baths of their own or other 
design. Fluid is drawn from the bottom 
of the cleaning bath by a centrifugal 
pump and returned to the top of the 
bath by way of a filter (centre of illus- 
tration) having a robust sintered element 
of stainless steel, which is capable of 
removing all solids down to a size of 
below 2 microns from 8 gallons of liquid 
per hour. Seven coarser filter elements 
can be substituted to give flow rates as 
high as 60 gallons per hour. Changing 
elements either for cleaning or to obtain 
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a different pore size is effected in less 
than a minute by unscrewing the cylin- 
drical filter housing from its cap to dis- 
close the filter element, which can then 
itself be unscrewed and removed. The 
filter housing is conveniently held in a 
spring clip on the wooden base board. 

All meta! parts in contact with the 
cleaning fluid are of stainless steel. The 
interconnecting tubing is of tough, ex- 
truded nylon. All parts are thus easily 
cleaned and, if necessary, sterilized. 

Larger filters are available which can 
also provide for temperature control of 
the cleaning fluid. Although designed 
primarily for use with ultrasonic cleaners, 
the new filter units are well suited for 
other filtration applications, 


EE 18 763 for further details 


ACCELEROMETER 
(Illustrated below) 


De Havilland Propellers Ltd, Hatfield Aerodrome, 
Hatfield, Hertfordshire 


The MV300 accelerometer is the result 
of a development programme aimed at 


| 


the production of a high-performance 


instrument of low cost and size. The 
MV300 is the third generation in a series 
of designs, on each of which considerable 
production and operational experience 
has been acquired. A feature of this 
instrument is its high sensitivity of 25V 
full scale output. A selection of models 
is available with sensitivities ranging 
from 0-5V/g to 8V/g when working into 
a 05M load, with natural frequencies 
from 34 to 137c/s. 

The seismic mass of the instrument 
is a laminated armature which forms the 
moving part of a differential transformer 
a.c. pick-off. The armature is supported 
by a leaf spring system, geometrically 
similar to Watt’s straight line mechanism, 
which ensures rectilinear motion for the 
centre of gravity and virtually eliminates 
cross coupling errors and the effects of 
transverse accelerations. The overall 
hysteresis is less than 0-7 per cent of the 
amplitude and cross coupling errors are 
less than 0-2 per cent. Stops, capable of 
withstanding very high shock loads and 
sustained overloads of the order of 100g 
are fitted. 
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Being an inductive device the resolu- 
tion errors are nominally zero. An inter- 
nally mounted demodulator and filter 
unit, potted in epoxide resin, is fitted and 
provides a d.c. output voltage with low 
ripple content. 

The accelerometers have a three-point 
mounting which prevents distortion of 
the case due to attachment to uneven 
surfaces, and the instrument frame is 
attached to the case by a further strain- 
free mounting as an added precaution, 
The units are hermetically sealed in a 
cover which uses only soldered and glass- 
to-metal seals. They are oil filled for 
damping purposes, and a flexible metal 
diaphragm is provided to allow for 
thermal expansion. Silicone oil is used 
as a damping medium on account of its 
comparatively low temperature  co- 
efficient of viscosity. 

The instrument is intended for use 
between —60° to +100°C, but is tested 
beyond these limits during manufacture 
to determine the stability of the zero 
error. The maximum zero error is 1-5 
per cent of full scale and its maximum 
temperature coefficient is 2-5mV/°C. 
Normally a sensitivity tolerance of +5 
per cent is adequate, but for special pur- 
poses this figure can be reduced. 

Provision is made for the adjustment 
of both zero error and sensitivity exter- 
nally should the instrument suffer acci- 
dental damage; this simplifies repair 
work, the case being a completely 
soldered unit. These adjustments are per- 
formed by changing the values of minia- 
ture fixed resistors. 


EE 18 764 for further details 


CHOKELESS POWER SUPPLY 
INITS 


(Illustrated below) 
The Solartron Electronic Group Ltd, 
45 Thames Street, Kingston, Surrey 
Designed specifically for continuous 
duty pulse loading applications, the new 
range of chokeless power supply sub- 
units announced by the Solartron Elec- 
tronic Group can withstand pulsing from 
zero to full load without loss of control. 
This attribute has been achieved by 
use of entirely new control circuits which, 
while maintaining a stability factor of 
better than 400 to 1, enables the very low 
source impedance to be held up to a 
frequency of 0°-5Mc/s. 


The range comprises three sub-units of 
100mA maximum load capacity (AS 951, 
952, 953) and three of 200mA (AS 955, 
956, 957), output voltages covering from 
100 to 400V. The voltage of any sub- 
unit can be varied over +50V from 
nominal, also reactive loads may be 
applied, without affecting the specified 
performance. 

In common with other Solartron power 
supplies, this chokeless series is conserva- 
tively rated throughout and provides the 
normal complement of a.c. heater sup- 
plies, both centre-tapped and untapped. 

EE 18765 for further details 


COIL WINDING MACHINE 
(illustrated below) 

Westool Ltd, St. Helens Auckland, Co. Durham 

A new bench type winding machine 
complete with meter and drive, and a 
total dimension of approximately 24in 
long by 24in wide is now being manu- 
factured by Westool Ltd. 

The machine is fitted with a five-figure 


re-set revolution counter and can _ be 
operated up to a maximum speed of 
4000rev/min. The rate of acceleration 
from zero to maximum speed is deter- 
mined by means of a plastic handwheel 
on the front of the machine which 
operates a potentiometer controlling the 
Warner electric clutch coupled to the 
motor. 

Coils can be wound up to Sin in dia- 
meter and 3in in length in gauges from 
30 to 50 s.w.g. The reel carrier spindle 
is suitable for reels up to 6in diameter 
but for the winding of fine gauges from 
47 to 50 s.w.g. a small ‘over end feed’ 
is also supplied. 

The traversing mechanism incorporates 
two Warner electric brakes coupled to 
two worm wheels in constant mesh with 
two lead screws. The traverse is set by 
means of adjustable stops which actuate 
microswitches energizing and de-energiz- 
ing the brakes giving positive and instan- 
taneous reversal of direction. 

The wire spacing (turns per inch) is 
set by means of a handwheel moving 
against a calibrated scale engraved in 
$.w.g. sizes or in decimals of an inch. 

EE 18 766 for further details 
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Meetings this Month 


THE BRITISH COMPUTER SOCIETY 
LIMITED 


Date: 18 February Time: 6.15 p.m 
Heid at: Northampton Colleg of Advanced Tech- 
nology, St. John Street, London E.C.1 
Lecture: The Development of the Use of a Com- 
puter for Production Control 
By: R. G. Hitchcock 
Belfast Branch 
February Time: 7.15 p.m 
Held at: 29 University Square, Belfast 
Lecture: The Computer in a University 
Nomination by: Professor Bates 
Glasgow Branch 
Date: 1 February Time: 6.45 p.m 
Held at: Royal College of Science & Technology, 
Glasgow 
Lecture: Problems Involved in Applying a Com- 
puter to Commercial Wor 
By: H. W. Gearing 
Hull Branch 
Date: 10 February Time: 7.30 p.m 
Held at: Hull Chamber of Commerce, Samman 
House, Bowlalley Lane 
Lecture ’ ‘Random Number Indica- 
tor. as used with Premium Savings Bonds 
By: W. EB. Thomson 
Leicester Branch 
February Time: 7 p.m 
Room 104, Leicester College of 


Date: 11 


Date: il 

Held at 
nology 

Lecture’ Initial Experience with a National-Elliott 
405 


Tech- 


By: J. G. Grover ~ 
Liverpool 
Date: 23 February 
Held at: Mathematical 
Liverpool 
Lecture: The Payroll 
Chambers & Co. Ltd 
By: J. F. Body 
Manchester Branch 
Date: 9 February Time: 7 p.m 
Held at: Manchester College of Science and 
Technology, Sackville Street 
Lecture: Production Planning by 
By: R. B. Baggett 
Middlesbrough Branch 
Date: 2 February ime: 7.30 p.m 
Held at: Constantine Technical College, Borough 
Road, Middlesbrough 
Lecture: Computer Techniques for the Recording 
of, and Reference to, Data 
By: Dr. A. S. Douglas 
Newcastle Branch 
Date: 2 February Time: 7 p.m 
Held at: University Computing Laboratory. 1! 
Kensington Terrace, Newcastle 
Lecture: Data Transmission in Relation to Com- 
puters and Data Processing Systems 
By: W. S. Ryan 


THE BRITISH INSTITUTION 
OF RADIO ENGINEERS 


All London meetings will be held at the London 
School of Hygiene and Tropical Medicine, Keppel 
Street, Gower Street. London W.C.1, commenc- 
ing at 6.30 p.m 
Computer Group 
Date: 9 February 
Lecture: Drift Correction of d.c 
By: D. Leighton Davies 
Medical Electronics Group 
Date: 24 February 
Lecture: The Unification of 
Instruments 
By: Dr. F. D_ Stott 
South Midlands Section 
Date: 2 February Time: 7 p.m 
Held at: Winter Gardens, Malvern 
Lecture: Electronics in Medical and Biological 
esearch 


By: W. J 


Branch 
Time: 6.30 p.m 
Institute, The University, 


Application at Newton 


Computer 


Amplifiers 


Electronic Clinicai 


Perkins 
South Wales Section 
Date: 10 February Time: 6.30 p.m 
Held at: Welsh College of Advanced Technology, 
Cardiff 
Lecture 


By: V. I 


Low Noise Low 

Devonald 
South Western Section 

Date: 24 February Time: 7 p.m 

Held at: School of Management Studies, 
Street. Bristol 

Lecture: Industrial Magnetic Recording and Play- 
ing Machine Design 

By: J. Elliot 

West Midlands Section 

Date: 10 February Time: 7.15 p.m 

Held at: College of Technology, Wulfruna Street, 
Wolverhampton 

Lecture: Electronic Reading 

By: I. W. Merry 


Drift d.c. Amplifiers 


Unity 
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THE INSTITUTION OF 


ELECTRICAL ENGINEERS 
All London meetings will be held at Savoy Place, 
commencing at 5.30 p.m., unless otherwise stated 
Electronics and Communications Section 
Date: 8 February 
Discussion: Present Views on Ground-Wave Pro- 
pagation. 
Opened by: G. Millington 
Date: 24 February 
Lecture: Applications of Microwaves 
By: Professor A Cullen 
Medical Electronics Discussion Group 
Date: 5 February Time: 6 p.m 
Discussion: Computers in Medical Use 
Opened by: R. A. Buckingham and Dr. J. M 
Tanner 
Irish Centre 
Time 
Laboratory, 


Date: 18 February 

Held at: Physical 
Dublin 

Lecture 

By: H 


6 p.m 
Trinity College, 
Television Systems 
DeLacy 
North-Eastern Centre 
Date: 3 February ime: 7 p.m 
Held at: Conservative Club. Newcasth-on-Tyne 
Joint Meeting with the Illuminating Engineering 
Society 
Lecture: An Outline of Television Studio Lighting 
Problems 
By: R. W. Koplick 
Date: 8 February Time: 6.15 p.m 
Held at: Neville Hall, Westgate Road, Newcastie- 
on-Tyne 
Lecture: Silicone Electrical Insulation 
By: J Davis 
Date: 22 February 
Held at: As above 
Lecture: The Characteristics 
Semiconductor Rectifiers 
By D Corbyn and N. L. Potter 
North-Eastern Measurement and Electronics Group 
Date: 29 February Time: 6.15 m 
Held at: Rutherford College of Technology, New- 
castle-on-Tyne 
Lecture: Radio Aspects of the International Geo- 
physical Year 
By: R. L. Smith-Rose 
North Midland Centre 
Date: 25 February Time: 6.30 p.m 
Held at: Y.E.B. Offices, Ferensway, Hull 
Lecture: Subscriber Trunk Dialling 
By: D. A. Barron 
North Midland Utilization Group 
Date: 16 February Time: 6.30 p.m 
Held at: Leeds and County Conservative 
South Parade. Leeds 1 
Lecture: The Design of 
for Liquid Metals 
By: D. A. Watt 
North-Western Centre 
February Time: 6.15 p.m 
Engineers’ Club, Albert Scuare, 


Time: 6.15 p.m 


and Protection of 


Club, 


Electrqmagnetic Pumps 


Pate: 2 
Held at 
cheste: 
Lecture: Digital Computer Developments at Man- 
chester University 
By: T. Kilburn 
North-Western Electronics and Communications 
Group 
Time: 6.15 pm 
Engineers’ Club, Albert Square, Man- 


Man- 


Date: 10 February 
Held at 
chester 
Lecture’ Television Recording: A Survey of the 
Problems and the Methods Currently in Use 

By: J. Redmond 

North-Western Measurement and Control Group 

Date: 16 February Time: 6.15 p.m 

Held at: Engineers’ Club, Albert Square, 
chester 

Lecture: Transistors 
and Application 

By: R. W. A. Scarr and R. A. Setterington 

South-East Scotland Sub-Centre 

Date: 16 February Time: 7 p.m 

Held at: Carlton Hotel, North Bridge, Edinburgh 

Lecture Assessment of Speech Communication 
Links 

By: D. L. Richards and J. Swaffield 

Date: 24 February Time: 7 p.m 

Held at: As above 

Lecture: Ultra-Sound Image Camera 

By: C. M. Smyth and J. Sayers 

South Midland Centre 

February Time: 7.30 p.m 
Winter Gardens, Malvern 

Electronic Aids to Banking and Com- 


Man- 


Their Theory, Manufacture 


Date: I 

Held at 

Lecture 
merce 

By: R. Feinberg 

South-West Scotland Sub-Centre 

Date: 17 February Time: 6 p.m 

Held at: Institution of Engineers and Shipbuilders, 
39 Elmbank Crescent, Glasgow C.2 

Lecture: Survey of Stereophony 
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By: T. Somerville 

Date: 23 February 

Held at: Royal College 
nology, Glasgow. 

Lecture: Ultra-Sound Image Camera 

By: C. N. Smyth and J. Sayers. 

South Midland Electronics and Measurement 

Group 
February. Time: 6 p.m 
James Watt Memorial Institute, Birming- 


Time: 6 p.m 
di Science and Tech- 


Date: 22 
Held at 
ham 
Informal Lecture Silicone 
Manufacture and Fields of 

By: J. T. Kendall 
Rugby Sub-Centre 
Date: 3 February Time: 6.30 p.m 
Heid at: College of Technology and Arts, Rugby 
Lecture: Radio Aspects of the International Geo- 
physical Year 
By: R. L. Smith-Rose 
Date: 17 February 
Held at: As above 
Lecture: Progress in Permanent Magnet Materials 
By: J. E. Gould 
Western Centre 
Date: 8 February Time: 6 p.m 
Held at: South Wales Institute of 
Cardiff 
Lecture: The 
Indication 
Grid 


Transistors—Their 
Application 


Time: 6.30 p.m 


Engineers 


Communication, 
British 


Development of 
and Telemetering for the 


By 


y: G. A. Burns, F 
and P 


F. Gunning 


THE INSTITUTION OF 
PRODUCTION ENGINEERS 
East and West Ridings Centre 
Date: 8 February. Time: 7 p.m 
Held at: Hotel Metropole, King Street, Leeds 1. 
Lecture: Computer Control of Machine Tools 
By: M. Monk 


Fletcher, C. H. Chambers 


Midlands Centre 
Date: 17 February Time: 7 p.m 
Held at: James Watt Memorial Institute, Birming- 
ham 
Lecture: The Apolication of 
duction Control 
By: R. G. Hichcock. 


THE RADAR & ELECTRONICS 
ASSOCIATION 
Date: 9 February. Time: 7.30 
Held at: Royal Society of Arts, 
Street, Adelphi, London W.C.2 
Lecture: Transistors—Today and 
By: E. Wolfendale. 


THE TELEVISION SOCIETY 
All London meetings will be held at the Cine- 
matograph Exhibitors’ Association, 164 Shaftes- 
bury Avenue, London W.C.2. commencing at 7 


Computers to Pro- 


m 
John Adam 


Tomorrow 


p.m 

Date: 5 February 

Lecture: Automatic Control Systems in Television 
Receivers 

By: K. E. Martin and M. L 

Date: 25 February 

Lecture: Science on 

By: A. J. Garratt 


Mothersole 


Television 


PUBLICATIONS 
RECEIVED 


REPORT ON U.K. TRADE WITH SCANDIN- 
AVIA AND FINLAND summarizes hitherto un- 
published talks which took place last May at a 
series of conferences between the F.B.I. and 
Commercial Representatives of British Embassies 
in Denmark, Norway, Sweden and Finland. The 
conferences held in London, Birmingham and 
Glasgow were organized to discuss the scope of 
the Scandinavian market for British goods. Federa- 
tion of British Industries, 21 Tothill Street, Lon- 
don S.W.1. Price 4s. postage free 


PLATINUM METALS REVIEW is published by 
Johnson, Matthey & Co. Ltd, 78 Hatton Garden, 
London E.C.1, who are smelters and refiners of 
the platinum metals from the Rustenburg Plati- 
num Mines of South Africa. The main article 
in the January issue surveys the most important 
of these applications and outlines some newer 
developments. Contributed by Dr. Eric Preston, 
the well-known consultant to the glass industry, 
the article emphasizes that the use of platinum 
equipment in the melting and working of glass 
has always resulted in an economy in manufac- 
ture, due entirely to the production either of a 
purer glass or of a glass free from defects of 
various kinds. Other articles in this issue deal 
with the palladium plating of printed circuits, 
the constitution and properties of the iridium- 
platinum alloys, and the behaviour of platinum- 
faced titanium and tantalum electodes for catho- 
dic protection in fresh waters 
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MATERIALS 


SEMICC 


HIGH PURITY MATERIALS 
r-Witraatialitiaa) 
Antimony 
Arsenic 
Bismuth 

[Gr Velaati ian 
Gallium 
Germanium 
Gold 
Indium 
Lead 
Mercury 
Platinum 
Selenium 
Silicon 
Silver 
Tellurium 
Tin 

Zinc 


HIGH PURITY ALLOYS 
Gold eu eiaatialltiaal 
Gold-antimony 
Gold-gallium 

AF Ualal lsatiialelit ian 
Silver-lead-antimony 
PWivisstlalitisstiliaciam ttle saat 
Indium-aluminium 
Indium-arsenic 
Indium-gallium-aluminium 
Indium-germanium 
Indium-silver-galliun 
Talelitiaara aia 

Titelitiaate alate 
Lead-antimony 
Lead-tin-antimony 
Tin-lead 
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FOR 
NDUCTOI 
DEVICES 


The Johnson Matthey service to semiconductor manufacture goes 
far beyond the materials listed here. An ever widening range of 
pure metals, alloys and associated products is available, in forms 
and conditions tailored to individual processing requirements. 
If you are interested in the manufacture of semiconductor devices 
you will find that JMC research, production resources and metal- 
lurgical skill, allied to an alert appreciation of your needs, can be 
of help to you. 


ANODES AND SALTS 
FOR ELECTRODEPOSITION 


Gold 
Indium 
Platinum 
Rhodium 
Tika ta 


METALLISING 
PREPARATIONS 


Based on silver, platinum, 


fol le Me talemor tir Cellt ian) 


MALLORY 73 


Booklet 1450 
BERYLLIUM COPPER 


SEMICONDUCTORS — 

An Introduction to Principles, 
Materials and Uses 

is free on request. 


Non-ferrous spring alloy 


FINE. WIRES 


Johnson «ie Matthey 


JOHNSON, MATTHEY & CO., LIMITED 
73-83, HATTON GARDEN, LONDON, E.C.! 
Telephone: Holborn 6989 


Vittoria Street, Birmingham, |. Telephone: Central 8004 
75-79 Eyre Street, Sheffield, |. Telephone: 292/2 
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The following pages contain French and German translations of our 
“Electronic Equipment’’ pages and summaries of the main articles. 
It will be noted that each item in the ‘‘Electronic Equipment’’ Section 
concludes with a number. These numbers are for the use of readers 
who require further information about particular items and should 
be quoted on the Reader Information Service Card at the end of 
the journal. 


Advertisement pages, facing matter, can be included in this Language 
Section for British and Overseas advertisers. Details on application 
to ‘The Advertisement Manager’’. 


Les pages qui suivent contiennent des traductions en frangais et 
en allemand de nos pages d’EQUIPEMENT ELECTRONIQUE, ainsi 
que des resumés des principaux articles. 


On remarquera que chaque article dans la section EQUIPEMENT 
ELECTRONIQUE se termine par un numéro. Ces numéros sont a 
l’usage des lecteurs qui pourraient avoir besoin de renseignements 
complémentaires au sujet de certains de ces articles et ils doivent 
donc étre rappelés sur la carte du ‘‘Service de Renseignements aux 
Lecteurs’’ @ la fin de la revue. 


Des pages d’annonces et de publicité en regard d’elles peuvent étre 
réservées dans cette Section Etrangére aux annonceurs britanniques 
et d’outre-mer. Pour plus de détails, s’adresser au Chef de la 
Publicité. 


Auf den folgenden Seiten bringen wir franzdsische und deutsche 
Ubersetzungen der Seiten , Elektronische Gerdte” und der Zusam- 
menfassungen der Hauptbeitrdge. 

Am Fusse jeder Beschreibung in der Rubrik , Elektronische Gerdte”’ 
steht eine Nummer. Leser, die an weiteren Auskiinften iiber bestimmte 
Gerdte interessiert sind, werden gebeten, diese Nummer auf der 
Leserdienstkarte am Ende des Heftes anzugeben. 

Anzeigen britischer und ausldndischer Firmen kénnen auf Seiten 
gegeniiber fremdsprachigem Text erscheinen. Einzelheiten bitten 
wir vom , Leiter der Anzeigenabteilung”’ anzufordern. 
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Une description basée sur des renseignements fournis par les fabricants de nouveaux organes, acces- 


FREQUENCEMETRE 
(Illustration a la page 118) 
Airmec Ltd, High Wycombe, Buckinghamshire 

Le fréquencemétre type 265 peut 
mesurer la fréquence d’une forme d’onde 
a répétition dans la gamme de 10 Hz a 
100 kHz avec une précision de +1%. 
La forme d’onde d’entrée est carrée et 
limitée, et elle est appliquée 4 un circuit 
intégrateur, dont la tension qui le par- 
court est indiquée sur un grand panneau 
clair. Les circuits sont disposés de telle 
facon que la lecture du fréquencemétre 
est indépendante de l’amplitude ou 
forme d’onde de la tension d’entrée. 

L’instrument peut servir, entre autres 
applications, de tachymétre électronique. 
La vitesse d'un axe tournant peut étre 
mesurée directement en faisant commu- 
ter un contact par l’axe 4 chaque tour 
et en appliquant la tension, résultant de 
cette interruption, au fréquencemétre. 
En variante, on peut aussi, en utilisant 
le palpeur optique Airmec type 263 en 
relation avec le fréquencemétre, détecter 
un mouvement par la réflection ou lin- 
terruption d’un faisceau lumineux. On 
peut, en outre, effectuer des mesures de 
vitesse sans surcharger aucunement 
léquipement sous essai. 

Le fréquencemétre est entitrement 
transistorisé, léger et portatif, et il peut 
étre alimenté sur secteur c.a. ou par 
piles intérieures. L’alimentation et la 
connexion de signal pour le palpeur 
optique sont fournis par une prise 
arriére. Le contréle d’étalonnage in- 
térieur se fait par un oscillateur stable 
de 5 kHz, le fréquencemétre étant 
étalonné directement en fréquence et 
tours par minute. Un appareil de mesure 
ou enregistreur extérieur peut étre 
alimenté a partir d'une prise sur le 
panneau avant. 

EE 18751 pour plus amples renseignements 


CONDENSATEURS SHUNT 
D’EQUILIBRAGE 
(Illustration a la page 118) 

Erie Resistor Ltd, 1 Heddon Street, London, W.1 

Pour répondre a la demande, de la 
part de l'industrie, d’un trimmer diélec- 
trique céramique a faibles pertes, stable 
et peu coiiteux, de fabrication simple et 
robuste ainsi que d'un poids réduit, 
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soires et instruments d’essai 
propre au c4blage point par point, sur 
plaquettes 4 cosses ou entre celles-ci, ou 
encore entre commutateurs plats, la 
société Erie Resistor a réalisé le trim- 
mer CT20, qui remplit toutes ces con- 
ditions et convient Aa une diversité 
d’applications. La gamme de capacités 
s‘étend de 1 pF a 6 pF et le réglage 
s’effectue en guidant la douille avec un 
outil d’équilibrage isolé, la douille étant 
pourvue Aa cet effet de pattes de fixation. 

Le trimmer CT20 se distingue, entre 
autres, par le fait que les deux électrodes 
peuvent étre non a la masse (puisqu’il 
n’y a pas de dispositif de montage a la 
terre obligatoire), par la possjbilité de 
couplage mécanique, par le dessin des 
pattes se prétant au réglage et, enfin, 
par la possibilité d'emploi de circuits 
imprimés, grace au poids réduit et aux 
terminaisons des fils. 

EE 18752 pour plus amples renseignements 


BLOCS D’ALIMENTATION STABI- 
LISEE BASSE TENSION 
(Illustration a la page 118) 


Lexor Electronics Ltd, 25 Allesiley Old Road, 
Coventry 


Deux nouveaux blocs d’alimentation 
stabilisée A transistors viennent d*‘étre 
présentés par la société Lexor Electronics 
Ltd. Ce sont les modéles LT-12-05 et 
LT-12-24-05, dont les gammes de ten- 
sion de sortie sont de 5,5 a 14V et de 
18 & 28V respectivement, & des courants 
de sortie de 0 4 500 mA cc. flottant. 
On peut varier continiment les tensions 
de sortie au-dessus des gammes pré- 
citées, soit par bouton soit par com- 
mande préréglée. 

Le réglage est supérieur 4 +0,15% 
pour un changement de tension secteur 
de +10% ou pour zéro a pleine charge. 
Le bourdonnement et |’ondulation de 
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base sont inférieurs & 2,5 mV de créte 
a créte et les blocs sont prévus pour une 
température ambiante de service de 
40°C. 

Les biocs sont enti¢rement  tran- 
sistorisés et montés dans des coffrets 
fermés miniature, L’entrée secteur peut 
étre ajustée pour 200 a 250 V, 50 Hz. 
Les blocs sont protégés par fusibles sec- 
teur et sortie ainsi que par des prises de 
contréle de voltmétre. 

EE 18753 pour plus amples renseignements 


AMPLIFICATEUR D’IMPULSIONS 
(Illustration a la page 118) 
Ekco Electronics Ltd, Southend-on-Sea, 

La société Ekco Electronics vient 
d’'annoncer la réalisation d’un nouvel 
amplificateur universel & grande stabilité, 
type N640, a réponde de fréquence 
étendue. Prévu pour l’emploi avec les 
compteurs a scintillations sans amplifi- 
cateurs incorporés, il peut entrainer des 
compteurs et des appareils de mesure 
nécessitant une entrée de SV _ et 
davantage. 

Un sélecteur de gain a six positions 
est incorporé a l’amplificateur, et la sortie 
a faible impédance est a direction néga- 
tive. On peut, cependant, sur simple 
modification, obtenir une sortie 4 direc- 
tion négative, si nécessaire. L’alimenta- 
tion s‘obtient du compteur ou de 
l'appareil de mesure s’y_ rattachant, 
L’amplificateur a un gain approximative- 
ment constant de 50 Hz & 200 kHz et la 
fréquence supérieure A demi-puissance 
est de 1 MHz. 

EE 18 754 pour plus amples“ renseignements 


MAGNETOPHONE A 
ENREGISTREMENT PROLONGE 
(Illustration a la page 119) 
Epsylon Industries Lid, Faggs Road, Feltham, 
Middlesex 


Le Magnétophone Paraphone a été 
étudié pour fonctionner indéfiniment sans 
qu’on s’en préoccupe et pour fournir un 
total de 40 heures d’enregistrement ou 
de jeu renouvelé avant de devoir répéter. 
Une vitessse d’avance de la bande de 
95 mm/sec. a été prévue afin de donner 
une réponse de fréquence de 60 Hz a 
6 kHz dans les limites des points de 3 dB, 
cependant que les bobines de 140 mm 
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contenant 365 mm de ruban a base mince 
donnent une heure d’enregistrement par 
piste. Pour obtenir 40 heures, une téte a 
deux pistes est employée sur un assem- 
blage 4 cames donnant 20 positions pour 
les tétes sur un ruban de 25,4 mm. Le 
mode de fonctionnement est tel que 20 
pistes d'enregistrement sont effectuées 
avec une téte, suivies de 20 autres pistes 
avec la seconde téte. 

Deux assemblages a cabestan avec 
volants & contre-tours sont actionnés a 
partir d'un seul moteur a cabestan et 
déplacent le ruban magnétique dans la 
direction appropriée a la piste choisie, 
méme les pistes numerotées dont le ruban 
se déplace de gauche a droite a travers 
les tétes et les pistes &4 nombres impairs 
se déplagant de droite 4 gauche. Une 
cellule photoélectrique met en mouve- 
ment des solénoides pour le changement 
de direction du ruban et le déplacement 
des tétes vers la piste suivante. 

Une particularité intéressante du mag- 
nétophone en question est la position de 
marche automatique qui fait bobiner 
rapidement l'appareil jusqu’a l’extrémité 
voulue de la piste choisie, puis renverser 
la marche et jouer la piste précitée. 

Des boutons-poussoirs permettent la 
mise en marche et le bobinage rapide 
dans l'une ou Tl’autre direction et 
s’arrétent, en plus, a la position de marche 
automatique. Lorsqu’on presse le bouton 
*“marche’, l'appareil se met en marche 
normalement a partir de la position a 
laquelle il est arrété. 

Un commutateur a trois positions sur 
le pont donne, sur un magnétophone a 
jeu renouvelé seulement, Il’arrét, une 
sortie de 1 mW a 600 © et une sortie 
de 2 W Aa n’importe quelle impédance 
voulue, Dans cette derniére position, un 
haut parleur intérieur peut recevoir la 
sortie enti¢re de 2 W ou bien donner une 
sortie basse pour des besoins de contréle. 
Si le courant est supprimé de l'appareil, 
on ne peut le remettre en marche que 
lorsque le commutateur est remis a la 
position “arrét”, puis fixé & nouveau sur 
lune ou l'autre des deux positions. Sur 
un appareil a rejouer des disques, il 
existe un commutateur a quatre positions, 
donnant *‘ disque’ a la quatri¢me position. 

Tous les circuits électroniques sont 
transistorisés et alimentés au moyen d’un 
stabilisateur de tension 4a_ transistors. 
L’appareil peut étre livré pour fonc- 
tionner sur 28 V c.c. (pour usage d’avion) 
ou, en ajoutant un bloc d’alimentation a 
part, sur n‘importe quelle alimentation 
secteur courante. 

EE 18 755 pour plus amples renseignements 


CELLULES SOLAIRES ETALONS 
AU SILICIUM 
(JHustration a la page 119) 


International Rectifier Co. (Great Britain) 
Hearst Green, Oxted, Surrey 


La société International Rectifier vient 
de présenter des cellules solaires au sili- 
cium constituant des étalons précis de 
mesure de radiation. 

Ces cellules ont été spécifiquement 
étudiées pour I’étalonnage de sources de 
lumiére artificielle en fonction de la 
radiation d’énergie solaire. On peut les 
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considérer comme étant des cellules 
solaires analogues aux étalons pyrohélio- 
métriques. Les fabricants qui  s’en 
serviront pourront évaluer I’efficacité de 
cellules solaires sans avoir recours & un 
pyroheliométre ou a tout autre instrument 
compliqué pour mesurer la lumiére. 

Toute cellule choisie doit avoir au 
moins 9% d'efficacité de conversion et 
elle doit étre étalonnée avec précision a 
sa valeur nominale exacte defficacité. 
Avante d’emballer une cellule choisie, 
on établit une courbe d’étalonnage qui 
indique lefficacité de |’élément 4 certaines 
intensités d’irradiation et & des conditions 
de température spécifiées. La courbe 
d’étalonnage est fixée de facgon per- 
manente au coffret et elle suit évidem- 
ment la cellule étalon chez le client, 

Ces cellules étalonnées sont logées dans 
un solide coffret & I’épreuve des chocs 
et elles sont protégées par des fenétres 
optiques a  revétement. Elles sont 
pourvues de fils & couples thermoélec- 
trique pour les mesures de température 
de cellule. 

EE 18756 pour pilus amples renseignements 


GENERATEUR DE SIGNAUX A 
m.a./m.f, 
(/Hustration a la page 119) 


Taylor Electrical Instruments Ltd, Montrose 
Avenue, Slough, Buckinghamshire 


Ce générateur de signaux est essen- 
tiellement prévu pour le dépannage des 
récepteurs h.f. 4 modulation d’amplitude/ 
modulation de fréquence, ainsi que pour 
les étage’ moyenne fréquence des récep- 
teurs de télévision. Le modéle 61A per- 
met pleinement, utilisé en relation avec 
un oscilloscope, l'alignement du balayage 
des étages h.f., m.f. et discriminateurs 
ou a circuit de détection simplifié—des 
récepteurs 4 modulation de fréquence et 
modulation d’amplitude. La méthode 
rapide et précise d’alignement du circuit 
de détection simplifié par l'utilisation de 
signaux m.a. et de balayage est égale- 
ment applicable. 

Le générateur m.a. couvre la gamme 
de 4 4 120 MHz en 5 bandes, sur toutes 
les fondamentales. La _ précision de 
rétalonnage est de +1% et la profon- 
deur de la modulation est de 35% a 400 
Hz. La modulation de fréquence et la 
section de balayage fonctionnent égale- 
ment sur les fondamentales, évitant la 
confusion et la faible précision de fré- 
quence inhérentes & la méthode de 
différence de fréquence. Les bandes de 
modulation de fréquence et de balayage 
couvrent des fréquences de 4 a4 12 MHz 
et de 70 a 120 MHz en trois bandes. 
La précision de létalonnage du généra- 
teur &4 modulation de fréquence est de 
+2%. Le générateur a modulation 
d’ampljtude peut servir de marqueur 
durant lalignement du balayage. Un 
réseau de mise en phase est incorporé au 
générateur, qui prévoit la suppression du 
retour du spot. 

La déviation sur modulation de fré- 
quence est variable jusqu’a 100 KHz a 
partir de la fréquence porteuse moyenne 
a un taux de modulation de 400 Hz. Le 
balayage sétend sur une largeur de 
bande totale de 1 MHz &a la fréquence 
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du secteur électrique. Un circuit a cali- 
brage piézoélectrique, avec choix, par 
interrupteur, de l'un des trois cristaux 
montés intérieurement, fait partie de 
l'appareil. Les cristaux qui peuvent étre 
choisis dans la gamme de fréquences de 
1 & 11 MHz sont fournis sur demande. 

Tous les avantages offerts par le 
modéle 61A peuvent étre choisis par 
commutation intérieure, aucune con- 
nexion croisée extérieure n’étant néces- 
saire. On peut ainsi choisir, par com- 
mutation intérieure, les ondes 
entretenues, la modulation d’amplitude/ 
modulation de fréquence, le balayage 
plus ondes entretenues ou le balayage 
plus modulation d’amplitude. Lorsqu’on 
utilise le dispositif de balayage, le 
niveau de mesure peut étre a variation 
continue. 

Un atténuateur a cing sections avec 
potentiométre non-inductif assure 
latténuation sur toute la gamme de fré- 
quences. Les fuites de haute fréquence 
ont été réduites au minimum par le 
blindage minutieusement étudié de 
latténuateur et des sections de l’oscilla- 
teur. 

Le nouvel 


appareil de mesure de 


champ Taylor est utilisé pour le contréle 
de la sortie haute fréquence. 

Enfin, le signal de 400 Hz a niveau 
variable constitue un atout supplémen- 
taire pour le dépannage d’étages basse 
fréquence. 

EE 18 757 pour plus amples renseignements 


FLUIDE ANTISTATIQUE 


Sionic Ltd, Cromwell House. Wood End Green 
oad, Hayes, Middlesex 


Le fluide antistatique Sionic a été mis 
au point pour Il’emploi dans tous les 
domaines ot la poussiére ramassée par 
suite de l’attraction statique crée un 
probléme d'importance majeure. Les 
résultats d’essais effectués par les fabri- 
cants ont prouvé qu'il existe des charges 
positives aussi bien que négatives a la 
surface de plastiques moulés. Les charges 
les plus élevées sont de polarité positive 
et sont créées par la séparation du 
moulage du moule_ métallique. Les 
charges de bas potentiel peuvent étre soit 
négatives et résulter de moulages ou de 
traitements a chaud, de la fabrication, de 
lemballage, du polissage ou, simplement, 
de la manipulation normale et de I’em- 
magasinage. 

La poussiére dans lair est attirée et 
rétenue par ces charges électriques. II 
semble gu'il n’y ait aucun rapport entre 
la poussiére ramassée et la grandeur, 
la forme ou le débit particulier d’un 
moulage. Le type de lubrifiant employé 
et le mode de production influent, en 
revanche, sur la poussiére ramassée. 

La durée du revétement antistatique, 
dans des conditions normales, est 
d’environ un an ou davantage. Le revéte- 
ment lui-méme est une couche monomolé- 
culaire, c'est a dire qu'elle est si mince 
qu’on ne peut la mesurer par des moyens 
ordinaires. Elle est entiérement trans- 
parente et, dans de nombreux cas, elle 
rend la matiére traitée plus douce au 
toucher. 

Le fluide antistatique convient aussi 
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bien a l'emploi sur des écrans de tubes 
cathodiques que sur des fenétres de 


compteurs et il est fourni soit sous forme 
d’Aérosol de 0,46 litre soit en vrac pour 
lusage industriel. 

EE 18758 pour plus amples renseignements 


RELAIS SUBMINIATURE 
(/llustration a la page 120) 


Distributeurs dans le Royaume-Uni: Counting 
Instruments Ltd, 5 Elstree Way, Boreham Wood, 
Hertfordshire 


Ce relais hermétiquement scellé, type 
RZO, est fabriqué par Telefon Fabrik 
Automatics . A/S, Copenhaque, Dane- 
mark. Il ne mesure que 19 mm x 6,35 
mm, mais il est assez robuste pour 
pouvoir résister aux températures ex- 
trémes, aux chocs violents et aux fortes 
vibrations. 

Le RZO est un élément a double 
bobinage avec deux contacts commuta- 
teurs, actionnés par une armature a équi- 
libre rotatif. Les contacts sont en argent 
dur doré. 

Afin d’éliminer tout risque de contami- 
nation des contacts, causé par un dégage- 
ment gazeux des formes de bobinages, 
ceux-ci sont en céramique spéciale. 

Toutes les connections du relais, sauf 
a lintérieur des bobines, sont soudées, 
donc résistantes a la chaleur, aux chocs 
et aux vibrations. Les modéles classiques 
sont munis de bornes 4 manche ou d’une 
base du type a fiches. 

Avant de sceller le relais, on y fait 
le vide par la chaleur et on le remplit 
d’azote sec. 

La gravure 
son coffret. 

EE 18 759 pour plus amples renseignements 


montre le relais hors de 


DETECTEUR DE CONTAMINATION 
(Illustration a la page 120) 


Nucleonics Ltd, Weedon Road, 
Northampton 


Un nouveau détecteur universel, doté 
d’accessoires lui assurant une souplesse 
considérable, vient d’étre mis au _ point 
par la société Plessey Nucleonics. En plus 
de la détection de toute contamination 
radioactive, ses applications s’étendent a 
l'essai des matiéres solides et a la mesure 
de lactivité dans des petits et des grands 
échantillons de liquide. Il est particuliére- 
ment indiqué pour les mesures de haute 
sensibilité, telles que celles qui sont néces- 
saires a lévaluation de la _ radioactivité 
dans des échantillons d’eau 

Le détecteur type PNI 1065 est entiére- 
ment transistorisé. Il fonctionne sur 
courant secteur pour I'usage normal dans 
les usines, les hépitaux et les laboratoires, 
mais il peut aussi étre employé sur pile 
de 12 volts. La trés haute tension est 
réglable dans une gamme convenant a 
la plupart des applications 4 compteur 
de Geiger et & compteur 4 scintillation; 
il comporte d’ailleurs un préamplificateur 
pour compteur 4a scintillation. 

Le régime de comptage est donné par 
un competeur &4 gamme de 0 a 1000 
coups/seconde. Pour les régimes de 
moindre envergure, l'appareil est pourvu 
d'un enregistreur électromécanique dont 
la vitesse de fonctionnement maximum 
est de 25 impulsions/seconde. 


Plessey 
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L’assortiment d’accessoires fournis a 
l'usage du détecteur comprend un chateau 
de plomb, un palpeur liquide et un 
palpeur 4 main beta/gamma. 

EE 18 760 pour plus amples renseignements 


DIODE D’AMPLIFICATEUR 
PARAMETRIQUE 
(Illustration a la page 120) 


The General Electric Co. Ltd, Macnet House, 
Kingsway, London W.C.2 


La diode 4 capacité variable EW97/1, 
prévue pour l'emploi dans les amplifi- 
cateurs paramétriques 4 des fréquences 
allant jusqu’é la bande S, est maintenant 
produite par la General Electric Com- 
pany, qui nous assure que c'est le 
premier dispositif doté de ces qualités. 
livrable sur le marché britannique. 

La diode EW97/ convient a l'emploi 
dans les radars et autres systtmes de 
communication. Congue pour une dissi- 
pation de grande puissance, elle ne 
nécessite aucune précaution compliquée 
contre les surtensions. 

Elle est montée sur une structure 
coaxiale pour intercalation directe dans 
des circuits coaxiaux et de guide d’ondes, 
et son inductance basse-série n'est que 
de 0,Smz#H. Il existe également un 
modéle a polarité inversée (EW98/1). 

En raison de sa trés basse impédance 
avant et sa trés haute impédance arriére, 
cette diode peut étre utilisée comme in- 
terrupteur pour hyperfréquences, ce qui 
constitue un appoint important a l'étude 
future des récepteurs pour hyperfré- 
quences, entitrement basés sur des dis- 
positifs solides. 

Les références des prototypes sont: 
VX3314 (EW97/1) et VX3333 (EW98/1) 
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RELAIS PROTEGES 

Ra‘iospares Lid, 4-8 Maple Street, London W.1! 

Une gamme de robustes petits relais 
c.c. vient d'étre réalisée par la Maison 
Radiospares Ltd. Ces relais sont dotés 
de contacts en argent massif a guipage 
deux couches papier, d'une puissance 
nominale de 250V 2A c.a. (non-inductif). 
Les connexions sont effectuées sur un 
panneau a cosses, monté sur un coffret 
en acier cadmié. Les cosses, ainsi que les 
connexions des bobinages, sont proté- 
gées contre la rouille par* un vernis 
isolant. Ceci garantit la facilité du minu- 
tage. Les relais sont pourvus de 
bobinages enrobés avec des enroulements 
imprégnés de vernis, ayant une résis- 
tance de 1k2 ou de 12k2 pour un fonc- 
tionnement nominal de 12V ou de SOV. 
Les relais sont destinés principalement A 
l'usage industiel ou aux  laboratoires 
généraux. 
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FILTRE NETTOYEUR A ULTRA- 
SONS 
(Illustration a la page 120) 


Dawe Instruments Ltd, 99 Uxbridce Road, 
London, W.5 


En raison de lefficacité des ultra-sons, 
la solution décapante se charge de crasse 
en suspension et elle doit étre renouve- 
lée fréquemment, selon l'état des pitces 


que l'on nettoie. En dehors du temps 
perdu a changer le dissolvant, le 
renouvellement répété de solutions en- 
core actives peut s’avérer trés onéreux 

L’élément a filtre type 1181 a donc été 
créé par la société Dawe Instruments 
Ltd. pour la suppression continue des 
matiéres solides dans les bains de net- 
toyage ultrasoniques, construits par eux- 
mémes ou par d'autres maisons. Le 
fluide est tiré du fond du bain de 
nettoyage par une pompe centrifuge et 
il est dirigé vers le haut du bain au 
moyen dun filtre (centre de la gravure) 
pourvu d'un robuste élément aggloméré 
d’acier inoxydable pouvant supprimer 
toute matiére solide, jusqu’é une dimen- 
sion de moins de 2 microns, pour un 
débit de liquide de 36,5 litres par heure. 
Sept éléments de filtre plus approxima- 
tifs peuvent étre substitués au précédent 
afin de donner des régimes de débit 
atteignant 273 litres par heure. Le 
changement des éléments, soit pour le 
nettoyage soit pour obtenir une dimen- 
sion de pore différente, peut étre effec- 
tué en moins d'une minute, en dévissant 
le boitier de filtre cylindrique de sa 
calotte afin de libérer l'élément de filtre 
qui peut, lui-méme, étre ensuite dévissé 
et retiré. Le boitier de filtre est tenu par 
une bride de serrage a ressort sur une 
plaquette de bois 

Toutes les parties métalliques en con 
tact avec le liquide de nettoyage sont en 
acier inoxydable. Le tube d’intercon- 
nexion est en nylon profilé fort solide 
Toutes les pieces peuvent donc étre 
facilement nettoyées et, si nécessaire, 
stérilisées 

Des filtres de plus grandes dimensions 
sont fournis sur demande, pouvant 
assurer le réglage de température du 
liquide de nettoyage. Quoiqu’étudiés, en 
principe, pour Temploi avec les net- 
toyeurs a ultra-sons, les nouveaux élé- 
ments a filtre conviennent tout aussi 
bien a d'autres procédés de filtrage 

EE 18 763 pour plus amples renseignements 


ACCELEROMETRE 
(lustration a la page 121) 


De Havilland Propellers Ltd, Hatfield Aerodrome, 
Hattield, Hertfordshire 


L’accélérométre MV300 est le résultat 
d'un programme de _ développement 
visant 4 la production d'un instrument 
de grand rendement a bas prix et d'un 
format réduit. C’est la “troisitme géné- 
ration” d'une série de dessins, dont 
chacun a permis de gagner une expéri- 
ence considérable dans le domaine de 
la production et du _ fonctionnement 
Une des particularités de cet instrument 
est sa grande sensibilité s’élevant a 25 
volts de sortie totale. Il existe un choix 
de modéles dont les sensibilités vont de 
0,5V/g & 8V/g lorsqu’elles fonctionnent 
avec une charge de 0,5 M®%, avec des 
fréquences naturelles de 34 a 137 Hz. 

La masse séismique de Il'instrument 
est un induit laminé formant la partie 
mobile d’un dispositif sélectif ca. a 
transformateur différentiel. Cet induit 
est supporté par un systéme 4 ressort a 
lames, géométriquement semblable au 
mécanisme a ligne droite de Watt, ce qui 
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garantit le mouvement rectilinéaire pour 
le centre de gravité et élimine pratique- 
ment les erreurs de couplage croisé et 
les effets d'accélérations transversales. 
L’hystérésis globale est inférieure a 
0.7% de VYamplitude et les erreurs de 
couplage croisé sont inférieures & 0,2%. 
L’instrument est muni, en outre, de 
pitces d’arrét pouvant résister a des 
charges de choc trés élevées et a des 
surcharges soutenues de l’ordre de 100g. 

L’instrument étant inductif, les erreurs 
de résolution sont nominalement de 
zéro. Un élément démodulateur et filtre, 
monté intérieurement et noyé dans la 
résine d’époxyde, fournit une tension de 
sortie c.c. & ondulation limitée. 

L’accélérométre MV300 a un montage 
a trois points qui empéche la déforma- 
tion du coffret si ce dernier est fixé sur 
des surfaces inégales, et le .cadre de 
l'appareil est fixé au coffret par une 
autre monture indéformable par surcroit 
de précaution. Les éléments sont hermé- 
tiquement scellés sous carter utilisant 
exclusivement des scellements soudés et 
a verre sur métal. Ils sont remplis 
d@huile pour l'amortissement des impacts 
et un diaphragme en métal flexible per- 
met la dilation thermique. L’huile de 
silicium est utilisée comine fluide d’amor- 
tissement en raison de son coefficient de 
viscosité & température relativement 
basse. 

L’appareil est prévu pour I’emploi 
entre 60° et +100°C, mais il a été 
éprouvé au dela de ces limites en cours 
de fabrication, afin de déterminer la 
stabilité de l’erreur zéro. L’erreur zéro 
maxima est de 1,5% de Il’échelle totale 
et le coefficient de température maxi- 
mum est de 2,5 mV/0°C. Normalement, 
une tolérance de sensibilité de +5% est 
suffisante, mais cette marge peut étre 
réduite pour des usages spéciaux. 

En cas d’endommagement accidentel 
de l'appareil, on peut régler extérieure- 


ment tant l’erreur zero que la sensibilité. 
Ceci simplifie les travaux de réparation 
car le coffret est un ensemble entitrement 
soudé. Ces réglages  s’effectuent en 
changeant les valeurs de résistances fixes 
miniatures. 
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BLOCS D’ALIME. |TATION SANS 
BOBINES D'ARRET 
(Illustration a la page 121) 

The Solartron Elecuonic Group Lid, 

45 Thames Street, Kingston, Surrey 

Snécifiquement con¢gus pour les appli- 
cations de charge d’impulsions continues, 
la nouvelle série de sous-ensembles 
d’alimentation sans bobines d’arrét que 
vient de présenter le Groupe Electronique 
Solartron, peut soutenir des impulsions 
de zéro a pleine charge sans perte de 
contréle. 

Ceci a pu étre réalisé par l'utilisation 
de circuits de commande entiérement 
nouveaux qui, tout en gardant un facteur 
de stabilité supérieur A 400:1, permettent 
de maintenir l’impédance de source trés 
basse a une fréquence de 0,5 MHz. 

La nouvelle série comprend deux sous- 
ensembles de 100 mA de capacité de 
charge maxima (AS 951, 952 et 953) et 
trois sous ensembles de 200 mA (AS 
955, 956 et 957), les tensions de sortie 
s’étendant de 100 & 400 V. La tension 
de sortie de n’importe lequel des sous- 
ensembles peut étre variée de +50 V 
au-dessus de la tension nominale. On 
peut aussi appliquer des charges réactives 
sans affecter le rendement spécifié. 

De méme que les autres blocs d’ali- 
mentation Solartron, les caractéristiques 
nominales de cette série sans bobines 
d’arrét ont été scrupuleusement établies 
et elle comporte Il’effectif normal d’élé- 
ments de chauffage c.a., tant a prises 
centrales que sans prises. 
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MACHINE A BOBINER 
(Illustration a la page 121) 
Westool Ltd, St. Helens Auckland, Co. Durham 


Une nouvelle machine a _ bobiner 
d’établi, compléte avec appareil de 
mesure et organe d’entrainement, dont 
les dimensions hors-tout son d’environ 
6limm x 611mm, est fabriquée main- 
tenant par la société Westool Ltd. 


Cette machine est munie d'un tachy- 
métre 4 réenclanchement a cing chiffres 
et elle peut étre lancée jusqu’A une 
vitesse maximum de 4000 tours/minute. 
Le taux d’accélération de zéro a la 
vitesse maximum est déterminé par un 
volant placé a l’avant de la machine. 
Le volant actionne un potentiométre qui 
commande l'embrayage électrique 
Warner, accouplé au moteur. 

La machine peut enrouler des bobines 
ayant jusqu’A 127mm de diamétre et 
76mm de longueur, dont les fils vont 
de 0,315 a 0,025mm de diamétre (jauges 
anglaises 30 a 50). L’arbre du _ porte- 
bobine convient a des bobines ayant 
jusqu’A 152,5mm de diamétre, mais pour 
l’enroulement des fils de calibre réduit, 
soit de 0,051 & 0,025mm (jauges anglaises 
47 a 50), un petit dispositif bobineur 
spécial est également fourni. 


Le mécanisme d’amenage comporte 
deux freins électriques Warner, accouplés 
a deux engrenages hélicoidaux constam- 
ment engrenés & deux vis de plomb. 
L’amenage est réglé au moyen de deux 
butées ajustables qui commandent des 
micro-contacts excitant ou désexcitant 
les freins, assurant une inversion de 
direction instantanée et positive. 

L’espacement du fil (tours par pouce) 
est réglé par un volant se déplagant sur 
une échelle étalonnée, graduée en jauges 
anglaises ou en décimales d’un pouce. 
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Résumés des Principaux Articles 


Un apercu de la télévision en couleur en Grande-Bretagne 


par R. D. A. Maurice 


Depuis 1953, la B.B.C. s’intéresse activement a la télévision en couleur et elle a accompli depuis lors 
un travail considérable en vue de déterminer l’adaptabilité des normes américaines du N.T.S.C. 


Résumé de |'article 
aux pages 68 d 73 


(National Television System Committee) au systéme britannique a 465 lignes. Un nombre de rapports 
et une monographie des services techniques de la B.B.C. ont été publiés sur ce travail, dont le présent 


article fournit un compte-rendu concis s’adressant particuliérement a ceux qui sont déja versés dans la 
technologie de la télévision en couleur. 


L’utilisation des calculateurs analogiques 


par F. C. Harbert 


La premiére partie de cet article en trois parties sur l'utilisation des calculateurs analogiques 
décrit le dispositif de calcul que nécessite la résolution d’équations algébriques simultanées, de 
problémes de valeurs propres et d’équations polynémes, par l’emploi d’une méthode itérative. 


Résumé de /'article 
aux pages 74.477 


La seconde partie décrira une méthode pour obtenir des solutions approximatives d’équations 
partielles différentielles, par la technique dite des différences finies. 
La derniére partie, enfin, présentera les divers procédés de calcul nécessaires a la simulation du 


retard de transport, par l’emploi des approximations de Padé. Un exemple démontrant l’effet d’un 
pareil retard sur la stabilité d'un systéme a circuit fermé, et un moyen de parer a son effet déséquili- 
brant, compléteront cet article. 
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Les caractéristiques et les applications des Diodes Zéner (référence de tension) par J. A. Chander 


Les caractéristiques détaillées des diodes Zéner sont présentées dans cet article, qui donne également 
des courbes montrant les variations de résistance de pente c.a. et c.c., tant avec le courant qu’avec la 
tension, les variations de tension de rupture selon la température ainsi que les caractéristiques avant 
des diodes. 

Résumé de I’ article Le circuit général de l’alimentation stabilisée simple est analysé, de méme que les restrictions dues 

aux pages 784 86 aux limites de diodes et de circuits. La compensation de température des diodes est étudiée et quelques 
résultats sont mentionnés. La stabilité de la tension de sortie, selon les variations de charge et d entrée, 
est indiquée en détail, en utilisant les caractéristiques susmentionnées. Aprés avoir examiné un 
stabilisateur a deux étages, l’auteur conclut par un exemple pratique d’une référence a haute stabilité 
utilisant des circuits relativement simples. 


Un suppresseur de quadrature a transistors-thermistors par I. C. Hutcheon et D. N. Harrison 


Les — de quadrature dans les servosystémes c.a. sont supprimés si le signal résiduel amplifié est 

Résumé de I'article | démodulé et utilisé pour actionner un signal a réaction négative, en phase de quadrature précise avec le 

aux pages 87 4 9! courant alternatif principal. Les auteurs décrivent un suppresseur de ce genre, utilisant la pré- 
amplification a transistors et deux thermistors chauffés indirectement pour commander la réaction. 


Le tube compte-décades EIT dans les circuits 4 comptage rapide par V. Radeka 

Les possibilités de comptage rapide au moyen des tubes compte-décades du type EIT sont examinées 
par l’auteur. Il étudie, a cet égard, le déplacement du faisceau électronique et calcule le temps voulu 
pour atteindre le point stable. Aprés avoir déterminé théoriquement e expérimentalement les limites 
de la précision de comptage, au regard de la sécurité de fonctionnement requise, il reléve le fait qu’on 
peut employer le EIT jusqu’a environ i& impulsions par seconde. 

L’auteur présente ensuite un schéma de circuit d’un compteur de décades de sécurité a 
comptage rapide convenant a l’usage général. Le fonctionnement du circuit est entiérement indé- 
pendant de la forme d’onde d'entrée et des variations de tension. Une seule alimentation en c.c est 
nécessaire. 


Résumé de |’ article 
aux pages 92 4d 95 


L’utilisation économique du stabilisateur série par D. J. Collins et J. R. Pearce 

Cet article souligne le fait que le stabilisateur série est peu rentable lorsqu’il est utilisé dans des 
conditions défavorables, vu qu’il exige alors des éléments série. Si le courant de charge demeure 
essentiellement constant, l’élément série peut étre shunté par une résistance. Le circuit de base est 
décrit par les auteurs, ainsi qu’une solution pratique du probléme par l'emploi d’une section inter- 
meédiaire a résistance de shunt. 


Résumé de !’article 
aux pages 96 d 97 


Quelques paramétres de rendement des redresseurs de courant 4 jonction au silicium par D. R. Coleman 


Le rendement électrique des redresseurs de courant force au silicium, en fonction de la sortie de 
puissance d’une connexion de conversion, est conditionné par leurs caractéristiques et dépend de la 
Résumé de ! article température de jonction. Le contréle de la température est examiné dans cette étude du point de vue 
aux pages 98 a 102 de la résistance thermique, une méthode étant indiquée pour calculer la dissipation de puissance et les 
régimes de connexion des redresseurs au silicium. Mention est faite de certaines conditions nécessaires 

a un rendement transistoire satisfaisant. 


Un tachymétre de haute précision 4 court terme par C. Reed 

L’ auteur décrit un instrument pour mesurer la vitesse d'un alternateur, celle-la étant indiquée dans 
une gamme d’environ +10% de vitesse nominale. La méthode employée résulte en une échelle linéaire 
et elle peut étre adaptée pour d’autres vitesses et gammes nominales. La précision est maintenue par 
un oscillateur incorporé piloté par quartz et l’étalonnage est facilement contrélé et réglé. Certains 
perfectionnements sont suggérés en conclusion. 


Résumé de I’article 
aux pages 103 d 105 


Un amplificateur électrométrique a plusieurs sensibilités et 4 réaction variable par J. H. Leck et W. E. Austin 


L’amplificateur électrométrique simple décrit dans cet article a été trouvé a la fois précis et sir 
pendant une période de douze mois an cours desquels il a été utilisé pour la mesure de courants ioniques 
positif{s allant jusqua i0-“A. Par l'emploi de lampes électrométriques miniature modernes 

Résumé de I’ article conjointement avec un amplificateur c.c. a transistor de grand gain et a grande réaction négative 
aux pages 1064107 ~— générale, on allie l’avantage de la simplicité a une grande précision et une sensibilité adéquate. 
Les désavantages inhérents aux amplificateurs c.c. a transistor et leur température instable ont été 
surmontés dans cette application par l'utilisation d’un transistor au silicium au premier stade et par 

le fonctionnement avec entrée d’une source de courant constante. 


Un oscillateur résistance-capacité accordé par W. D. Ryan et F. E. Hetherington 


La capacité variable, présentée par les redresseurs a rondelles au sélénium avec polarisation inverse, 
est utilisée dans un circuit a oscillateur résistance-capacité, du type a pont, afin de produire une basse 
fréquence variable dépendant du signal c.c. appliqué. Les caractéristiques des redresseurs appropriés, 
ainsi que le scnéma du circuit de l’oscillateur et ses particularités de fonctionnement sont analysés 
dans cet article. 


Résumé de I’ article 
aux pages 108 a 110 
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Beschreibung neuer 


FREQUENZMESSER 
(Abbildung Seite 118) 
Airmec Ltd, High Wycombe, Buckinghamshire 

Der Frequenzmesser Type 265 kann 
die Frequenzen sich wiederholender 
Wellenformen von 10 Hz... 100 kHz mit 
+1% Genauigkeit messen. Die Eingangs- 
wellenform wird in eine Rechteckform 
umgewandelt, begrenzt, und dann in eine 
Integrationsschaltung gespeist, deren 
Ausgangsspannung auf einem grossen, 
klar lesbaren Tafelmessgerait angezeigt 
wird. Die Schaltung macht die Instru- 
mentanzeige von der Amplitude oder 
Wellenform der Eingangsspannung un- 
abhangig. 

Das Gerat kann z.B. als elektronisches 
Tachometer benutzt werden. Die Ge- 
schwindigkeit einer sich drehenden Welle 
kann direkt gemessen werden, wenn die 
Welle bei jeder Umdrehung einen Kon- 
takt schliesst oder Offnet und die so 
unterbrochene Spannung dem Frequenz- 
messer Zugefiihrt wird. Andererseits kann 
der optische Airmec Messkopf 283 mit 
dem Frequenzmesser Verwendung finden, 
wobei die Bewegung durch Ablenkung 
oder Unterbrechung eines Lichtstrahls 
gemessen wird, ohne dass das zu 
messende Gerit in irgendwelcher Weise 
belastet wird. 

Der Frequenzmesser ist volltransistori- 
siert, leicht und tragbar. Er kann vom 
Wechselstromnetz oder eingebauten Bat- 
terien gespeist werden. Als Stromquelle 
und Signalverbindung fiir den optischen 
Messkopf ist ein Sockel auf der Gerite- 
riickseite vorgesehen. Zur Eigeneichung 
ist ein stabiler 5kHz Oszillator einge- 
baut, und das Gerat ist direkt in Fre- 
quenz und Umdrehungen pro Minute 
geeicht. Auf der Fronttafel ist cin 
Anschluss fiir ein Aussenmessgerat oder 
einen Schreiber vorgesehen. 

EE 18751 fiir weitere Einzelheiten 


TRIMMER-HULSENKONDENSATOR 
(Abbildung Seite 118) 

Erie Resistor Lid, | Heddon Street, London, W.1 

Erie hat die Type CT20 entwickelt, um 

Forderungen der Industrie nach einem 

preisgiinstigen Trimmerkondensator mit 
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Bauelemente, 


gemachten Angaben. 


stabilem, verlustfreiem, keramischem 
Dielektrikum einfacher, jedoch wider- 
standsfahiger Konstruktion und geringen 
Gewichtes gerecht zu werden, der sich 
zum Verdrahten zwischen Lé6tpunkten, 
zwischen Schaltbrettlétfahnen, an Dreh- 
schaltern usw. eignet. Type CT20 ent- 
spricht all diesen Anforderungen und hat 
die verschiedensten Anwendungsmég- 
lichkeiten. Der Kapazitatsbereich liegt 
zwischen 1...6 pF, und der Abgleich 
erfolgt durch Verinderung der Hiilsen- 
lage mittels eines isolierten Werkzeugs. 
Die Hiilse ist fiir diesen Zweck mit Nasen 
versehen. 

Bemerkenswert ist, dass keine der 
Elektroden an Masse zu liegen braucht, da 
keine zwangsliufig geerdete Befestigung 
vorgesehen ist: dass durch die Nasen- 
konstruktion die Méglichkeit mechani- 
scher Kupplung besteht, und dass durch 
geringes Gewicht und Drahtanschliisse 
Verwendung fiir gedruckte Schaltungen 
ermoéglicht wird. 

EE 18 752 fiir weitere Einzelheiten 


STABILISIERTES 
NIEDERSPANNUNGS-NETZGERAT 
(Abbildung Seite 118) 


Lexor Electronics Ltd, 25 Allesley Old Road, 
Coventry 


Lexor Electronics kiindigt zwei neue, 
stabilisierte Miniatur-Netzgerate mit 
Transistorbestiickung an. Typen LT.12-05 
und LT.24-05 haben Spannungsbereiche 
von 5,5...14V bzw. 18...28V und 
liefern 0...500mA_ nicht’ geerdeten 
Gleichstrom. Die Ausgangsspannungen 
sind iiber die genannten Bereiche stufenlos 





ELECTRONIC ENGINEERING 
finden Sie auf einem Stand im 
SALON DE LA PIECE 
DETACHEE, 
der vom 19. - 23. Februar in Paris 
Stattfindet. Besucher sind herzlich 
willkommen. 











ZubehGrteile und Priifgerite auf Grund der von 


Herstellern 
Ubersetzung der Seiten 1/8 bis 121 


durch Bedienungsknopf oder Voreinstel- 
lung regelbar. Die Regelung ist innerhalb 
+0,15 fiir +10% Netzschwankungen 
und/oder Null bis Vollbelastung. 
Gerausche und Restwelligkeit sind unter 
2,5 mV Spitze-zu-Spitze, und die Gerate 
sind fiir Dauerbetrieb in Umgebungs- 
temperaturen bis zu 40°C bemessen. 

Die Gerate sind vd6llig transistorisiert 
und in Miniatur-Messgeratgehduse einge- 
baut. Der Netzeingang kann zwischen 
200 ...250V 50Hz eingestellt werden. 
Sicherungen fiir die Netz- und Aus- 
gangsseite, sowie Buchsen fiir ein 
Monitor-Voltmeter sind vorgesehen. 
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IMPULSVERSTARKER 
(Abbildung Seite 118) 
Ekeo Electronics Ltd, Southend-on-Sea, 
Ekco Electronics hat einen neuen, 
hochstabilen Universal-Impuls-Breitband- 
verstirker Type N640 angekiindigt. Er 
wurde besonders fiir Szintillationszahler 
ohne eingebaute Verstirker entwickelt 
und kann Ratemeter und Untersetzer 
treiben, die 5 V oder mehr Eingangs- 
spannung bendotigen. 


Essex 


Ein sechsstufiger Verstarkungswahler ist 
eingebaut. Der impedanzarme Ausgang 
wird positiv, wenn der Eingang negativ 
wird. Durch eine einfache Anderung kann 
der Eingang auch negativ gemacht 
werden. Die Stromversorgung§ erfolgt 
durch das zugehérige Ratemeter oder den 
Untersetzer. Fiir den Bereich von 50 Hz 
... 200 kHz ist die Verstaérkung annihe- 
rungsweise konstant, und die obere Fre- 
quenz fiir Halbleistung ist 1 MHz. 

EE 18 754 fiir weitere Einzelheiten 


LANGSPIEL-TONBANDGERAT 
(Abbildung Seite 119) 


Epsylon Industries Ltd, Fages Road, Feltham, 
Middlesex 


Das Paraphone kann fiir unbeschriankte 


Zeit ohne Bedienung laufen, wobei es 
insgesamt 40 Stunden aufnehmen oder 
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wiedergeben kann, bevor es sich wieder- 
holt. Eine Bandgeschwindigkeit von 9,5 
cm/s wurde gewdhlit, um einen Fre- 
quenzgang von 60 Hz...6kHz in den 
3 dB Grenzen zu erreichen. 140 mm¢ 
Spulen mit 365 m Band auf diinnem 
Trager geben 1 Stunde Aufnahme pro 
Spur. Ein zweispuriger Kopf in einem 
Nockenmechanismus kann 20 Kopfstel- 
lungen auf einem 25,4 mm breiten Band 
einnehmen. Im Betrieb werden 20 Spuren 
mit dem einen Kopf und die anderen 20 
Spuren mit dem zweiten Kopf auf- 
genommen. 


Zwei Bandtransport-Vorrichtungen mit 
gegenlaufigen Schwungridern werden von 
nur einem Motor angetrieben und fiihren 
das Band in der fiir die gewahlite Spur 
zugeordneten Richtung: von links nach 
rechts tiber den Kopf fiir geradzahlige 
Spuren und von rechts nach links fiir 
ungeradzahlige Spuren. Eine fotoelek- 
trische Zelle betiétigt Magnetspulen fiir 
die Richtungsumkehrung und verschiebt 
den Kopf zur niachsten Spur. 


Ein besonderes Merkmal des Gerites 
ist die Selbstanlaufposition, in der die 
Maschine das Band schnell bis zum 
richtigen Ende fiir die gewahlte Spur auf- 
spult, dann die Richtung umkehrt und 
die Spur wiedergibt. 

Anlauf, schneller Vor- und Riicklauf, 
Stop und Selbstanlaufposition werden 
durch Drucktasten eingestellt. Bei Bedie- 
nung der Anlauftaste lauft das Gerat 
normalerweise von derselben Stelle an, 
an der es gestoppt wurde. 


Nur bei Einstellung auf Wiedergabe 


gibt ein dreistufiger Schalter am Lauf- 
werk die Positionen ,,Gerit aus”, 1 mW 
Ausgangsleistung fiir 600 2 oder 2 W 


Ausgangsleistung fiir jede gewiinschte 
Impedanz. Ein eingebauter Lautsprecher 
kann im letzteren Falle entweder mit den 
vollen 2 W gespeist oder mit geringerer 
Leistung fiir Uberwachung betrieben 
werden. Bei Ausfall der Stromversorgung 
kann das Gerat nicht wieder anlaufen, 
bis der Schalter auf ,,Gerit aus” und 
dann auf eine der anderen beiden Stel- 
lungen zuriickgestellt wird. Fiir Auf- 
nahme- und Wiedergabegeriite ist eine 
vierte Schalterstellung fiir ,,Aufnahme” 
vorgesehen. 


Alle elektronischen Kreise sind tran- 
sistorisiert und werden iiber ein span- 
nungsstabilisiertes Transistor-Netzgerat 
gespeist. Das Gerit kann fiir 28 V 
Gleichstrom (fiir Flugzeuge usw.) oder 
mit einem Zusatz-Netzgerat fiir normale 
Netzspannungen geliefert werden. 
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SILIZIUM-SONNEN-EICHZELLE 
(Abbildung Seite 119) 


International Rectifier Co. (Great Britain) 
Hurst Green, Oxted, Surrey 


Die International Rectifier Co. gibt 
bekannt, dass indirekte Silizium-Sonnen- 
Eichzellen lieferbar sind, die als genaue 
Strahlungsnormalmasse zur Wirkungs- 


Ltd, 
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gradpriifung hergesteliter Silizium- 


Sonnenzellen dienen. 


Die Zellen wurden besonders ent- 
wickelt, um kiinstliche Lichtquellen in 
Sonnenenergiestrahlung zu eichen. Sie 
kénnen als Sonnenzellenanalog zum 
pyroheliometrischen Normal betrachtet 
werden. Industriezweige, die sie benutzen, 
kénnen nunmehr den Wirkungsgrad 
gelieferter Sonnenzellen ohne Pyrohelio- 
meter oder komplizierte Lichtmessgeriate 
bestimmen. 


Jede gewiahlte Zelle muss mindestens 
9% Umwandlungswirksamkeit haben und 
ist genau fiir den tatsichlichen Wirkungs- 
grad geeicht. Vor der Verpackung wird 
fiir jede Zelle eine genaue Eichkurve 
angefertigt, die die Wirksamkeit fiir 
bestimmte Strahlungsintensitéten und 
Temperaturverhiltnisse gibt. Diese Eich- 
kurve ist fest im Instrumentgehduse 
befestigt und geht mit der Eichzelle zum 
Kunden. 


Diese Eichzellen sind in ein stabiles, 
stossfestes Gehiuse eingebaut und durch 
ein optisch beschichtetes Glasfenster 
geschiitzt. | Thermoelementzufiihrungen 
zur Messung der Zellentemperatur sind 
vorgesehen. 
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AM-FM-MESSENDER 
(Abbildung Seite 119) 


Taylor Electrical Instruments Lid, Montrose 
Avenue, Slough, Buckinghamshire 

Dieser Messender ist hauptsichlich fiir 
Service von AM- und FM-Empfiangern 
und ZF-Stufen von Fernsehempfangern 
bestimmt. Mit einem  Oszillografen 
zusammen ermdglicht der Messender 61A 
den Wobbelabgleich von HF-, ZF-, Dis- 
kriminator- und Ratiodetektorstufen von 
AM- und FM-Empfangern. Fiir den 
Abgleich von Ratiodetektoren kann die 
schnelle und genaue Methode angewandt 
werden, die gleichzeitig AM- und 
Wobbelsignale benutzt. 


Der AM-Generator bestreicht die Fre- 
quenzen 4... 120 MHz in fiinf Bereichen 
mit Grundfrequenzen. Die Eichgenauig- 
keit ist +1% und der Modulationsgrad 
35% fiir 400 Hz. Die FM- und Wobbel- 
teile arbeiten auch mit Grundfrequenzen 
und vermeiden so die durch die Fre- 
quenzunterschiedsmethode entsteher.: 
Verwirrung und geringe Eichgenauigkeit. 
Die FM- und Wobbelbander bestreichen 
die Frequenzen 4...12 MHz und 70... 
120 MHz in drei Bereichen. Die Eich- 
genauigkeit fiir den FM-Generator ist 
+2%. Wiahrend des Wobbelabgleiches 
kann der AM-Generator als Frequenz- 
markengeber benutzt werden. Ein ein- 
stellbares Gleichlaufnetzwerk ist einge- 
baut und Riicklaufauslastung vorgesehen. 

Fiir FM ist der Frequenzhub bis zu 
100kHz von der mittleren Trigerfre- 
quenz mit einer Modulationsgeschwindig- 
keit von 400 Hz variabel. Der Wobbelhub 
ist 1 MHz bei Netzfrequenz. Jedes der 
drei eingebauten Quarze kann durch 


129 


Schalter fiir den Quarzeichkreis gewahlit 
werden. Quarze im Frequenzbereich von 
1... 11 MHz sind nach Wunsch lieferbar. 


Alle im Modell 61A gebotenen Ein- 
satzmoglichkeiten kénnen durch ein- 
gebaute Schalter eingestellt werden und 
bendtigen keine Verbindungen ausserhalb 
des Geriites. Durch das Schalten kénnen 
Dauerton, AM, FM, Wobbel mit Dauer- 
ton oder Wobbel mit AM gewihlt werden. 
Bei Benutzung des Wobbelteiles kann 
das Markenniveau fortlaufend geandert 
werden. 

Ein fiinfteiliges Diampfungsglied mit 
induktionsfreiem Potentiometer ist zur 
Dampfung iiber den ganzen Frequenz- 
bereich vorgesehen. HF-Verluste werden 
durch sorgfiltiges Abschirmen des Mess- 
sender- und des Oszillatorteiles auf ein 
Minimum herabgesetzt. 


Uberwachung des HF Ausgangs erfolgt 
mittels des meuen Taylor Hochkant- 
Instruments. Durch den _ einstellbaren 
Pegel des 400Hz Signals kann auch 
Service von NF Stufen ausgefiihrt werden. 
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ANTISTATIK-FLUSSIGKEIT 
Sionic Ltd, Cromwell House, Wood End Green 
Road, Hayes, Middlesex 

Die Sionic Antistatik-Fliissigkeit wurde 
zur Verwendung auf allen Gebieten ent- 
wickelt, wo Staubansammlungen durch 
statische Anziehung ein wesentliches 
Problem darstellen. Nach Angabe der 
Firma zeigen Versuche, dass sowohl posi- 
tive als auch negative Ladungen auf der 
Oberflache von Kunststoff-Formstiicken 
vorhanden sind. Die héchsten Ladungen 
sind positiv und entstehen, wenn das 
Formstiick von der Metallform getrennt 
wird. Die Ladungen niedrigerer Spannung 
sind entweder positiv oder negativ und 
kénnen durch Pressen, Heissbearbeitung, 
Zusammenbau, Einwickeln, Polieren, 
oder einfach durch Handhabung und 
Lagern entstehen. 


Freischwebender Staub wird durch 
diese elektrischen Ladungen angezogen 
und festgehalten. Anscheinend besteht 
zwischen der Staubansammiung und 
Grésse, Form oder  Fliessdiagramm 
irgendwelcher Formstiicke _ keinerlei 
Bezichung. Jedoch scheinen benutzte 
Gleitmittel und Produktionsmethoden die 
Staubansammlung zu _ beeinflussen. 


Unter normalen Umstinden bleibt ein 
antistatischer Uberzug ein Jahr oder 
langer wirksam. Der Uberzug besteht aus 
einer monomolekularen Schicht, d.h. sie 
kann ihrer geringen Dicke wegen nicht 
mit liblichen Methoden gemessen werden. 
Sie ist vollstandig durchsichtig, und in 
vielen Fillen fiihlen sich die behandelten 
Gegenstinde angenehmer an. 

Die Fliissigkeit ist ebenso fiir Bild- 
schirme von Elektronenstrahlréhren und 
Instrumentgliser geeignet und wird in 460 
cc Aerosol-Packungen oder in Gross- 
packungen fiir die Industrie geliefert. 
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KLEINST-RELAIS 
(Abbildung Seite 120) 


wee in durch foustes instruments 
s three OY Wood, 


Das sie pp oe OE Relais 
Type RZO wird von Telefon Fabrik 
Automatic A/S, Kopenhagen, Danemark 
hergestellt. 

Trotzdem die Abmessungen nur 19 x 
19 x 6,35mm betragen, ist es robust 
genug, um ausserordentlichen Tempera- 
tureinfliissen, schweren Stéssen und for- 
cierten Schwingungen zu widerstehen. 

Das RZO ist ein Doppelspulenrelais 
mit zwei Umschaltkontakten, die durch 
einen ausbalanzierten Anker betitigt 
werden. Die Kontakte bestehen aus ver- 
goldetem Hartsilber. 

Die Spulenkérper werden aus ausge- 
wihlten keramischen Materialien herge- 
stellt, um Kontaktverschmutzung durch 
Gasentwicklung zu vermeiden. 

Alle Verbindungen im Relais, mit 
Ausnahme der in den Spulen liegenden, 
sind geschweisst und daher hitze-, stoss- 
und vibrationsbestaindig. Die Normalaus- 
fihrung kann zum Einléten oder Ein- 
stecken geliefert werden. 

Vor dem Abdichten wird das 
unter Wirmeeinfluss ausgepumpt 
mit trockenem Stickstoff gefiillt. 

Die Abbildung zeigt das aus dem 
Gehiause entfernte Relais. 


Relais 
und 
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VERSEUCHUNGSMONITOR 
(Abbildung Seite 120) 


Nucleonics Lid, Weedon Road, 
Northampton 


Plessey Nucleonics hat einen neuen 
Universal-Monitor mit einer Reihe von 
Zusatzgeriiten entwickelt, die vielseitige 
Verwendung ermdéglichen. Er _ kann 
ausser zur Uberwachung von _ radio- 
aktiven Verseuchungen auch zur Priifung 
von festen Kérpern und Aktivitats- 
messungen in grossen und _ kleinen 
Fliissigkeitsmustern eingesetzt werden. 
Besonders eignet er sich fiir Hochemp- 
findlichkeitsmessungen, wie sie fiir die 
Schatzung der Radioaktivitat verdampf- 
ten Wassers erforderlich sind. 

Der Monitor Type PNI 1065 ist 
durchgehend transistorisiert. Fiir Normal- 
betrieb in Fabriken, Krankenhausern 
oder Laboratorien ist er netzgespeist, 
kann aber in Sonderfillen auch von 
einer 12 V Batterie betrieben werden. 
Die Hochspannung ist iiber einen Bereich 
regelbar, der fiir die meisten Geiger- 
Miiller- und  Szintillationszihlzwecke 
geeignet ist; ein Vorverstairker fiir Szin- 
tillationszihler ist vorhanden. 

Die Zahirate wird auf einem Rate- 
meter mit einem Bereich von 0...1000 
Impulse’s angezeigt; fiir niedrige Raten 
ist ein elektromechanischer Zahler mit 
einer Hdochstgeschwindigkeit von 25 
Impulsen/s vorgesehen. Zum Zubehér 
gehéren Bleikammern, ein Fliissigkeits- 
messkopf und ein Beta/Gamma- Hand- 
messkopf. 
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DIODE FUR PARAMETRISCHE 
VERSTARKER 
(Abbildung Seite 120) 
The General Electric Co. Ltd, M 
Kingsway, London, W.C 

GEC stellt jetzt die Diode EW97/1 her, 
die fiir parametrische Verstairker bis zu 
S Bandfrequenzen entwickelt wurde. Die 
Firma gibt bekannt, dass damit das erste 
Element mit diesen Ejigenschaften in 
England zur Verfiigung steht. 

Die Diode ist fiir Radar- und andere 
Fernmeldesysteme geeignet. Da sie fiir 
hohe Energiezerstreuung konstruiert ist, 
sind keine sorgfiltigen Vorkehrungen 
gegen Energiestésse erforderlich. 

Das Fiement ist koaxial fiir direkte 
Finschaitung in koaxiale oder Hohlleiter 
aufgebaut und hat nur 0,5 nH Serien- 
impedanz. Ein Modell mit umgekehrter 
Polaritaét ist. als Type EW98/1 lieferbar. 

Die Diode kann auf Grund der sehr 
niedrigen Durchlassimpedanz und der 
sehr hohen Sperrimpedanz auch als 
Dezimeterwellenschalter benutzt werden. 
Verwendung als Frequenzvervielfacher 
wird wesentlich zur Weiterentwicklung 
von Dezimeterwellenempfaingern _ bei- 
tragen, die ausschliesslich mit Festk6rper- 
elementen bestiickt sind. 

Die amtlichen Prototypbezeichnungen 
sind: VX3314 (EW97/1) und VX3333 
(EW98/1). 
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GEKAPSELTE RELAIS 

Radiospares Lid, 4-8 Maple Street, London, W.1 

Radiospares Ltd hat vor kurzem eine 
Serie kleiner, widerstandsfaihiger Gleich- 
stromrelais angekiindigt. Die Relais sind 
mit doppelpoligen Umkehrkontakten aus 
gediegenem Silber ausgeriistet, die fiir 
250 V 2A Wechselstrom (induktionsfrei) 
bemessen sind. Die Verbindungen werden 
zu einem Schaltbrettchen oberhalb des 
kadmierten Stahlgehduses herausgefiihrt. 
Spulenverbindungen und Létfahnen sind 
durch ein Lackflussmittel gegen Korrosion 
geschiitzt, das auch das _ Verzinnen 
erleichtert. Die Spulenkérper der Relais 
sind gepresst, und die mit Lack ge- 
trinkten Wicklungen haben einen Wider- 
stand von | k2 bzw. 12 k®& fiir Nenn- 
spannungen von 12V bzw. 50V. Die 
Relais sind in erster Linie fiir Verwen- 
dung in Labor und Industrie bestimmt. 
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FILTER FUR UBERSCHALL- 
REINIGUNGSBADER 
(Abbildung Seite 120) 


Dawe Instruments Ltd, 99 Uxbridce Road, 
London, W.5 


Durch die Wirksamkeit des Uberschalls 
wird das Reinigungsmittel mit schwe- 
bendem Schmutz verseucht und muss, je 
nach dem Zustand der zu _ reinigenden 
Teile, mehr oder wemger hiaufig ausge- 
wechselt werden. Ganz abgesehen vom 
Zeitverlust durch den Wechsel, kann die 
haufige Erneuerung Tales aktiver 
Lésungen sehr teuer werden. 
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Dawe Instruments Ltd hat daher ein 
Filtergerit Modell 1181 eingefiihrt, um 
laufende Entfernung von Feststoffen aus 
Uberschall-Reinigungsbadern eigener und 
fremder Konstruktion zu erméglichen. 
Fliissigkeit wird vom Boden des Reini- 
gungsbades durch eine Zentrifugalpumpe 
abgesaugt und iiber ein Filter (Mitte der 
Abbildung) der Oberfliche des Bades 
zugefiihrt. Das widerstandsfahige Filter- 
element besteht aus rostfreiem Sinterstahl 
und kann pro Stunde aus 36,5 Liter alle 
Festkorper bis unter 2 herunter ent- 
fernen. Statt dieses Filterelementes 
kénnen sieben grébere Elemente einge- 
setzt werden, um Durchflussgeschwindig- 
keiten von 2731/h zu erreichen. Aus- 
wechseln von Filterelementen zum 
Reinigen oder zum Einsatz einer anderen 
Porengrésse kann innerhalb einer Minute 
durchgefiihrt werden: das zylindrische 
Filtergehause wird aus seiner Kappe 
geschraubt, wonach das Filterelement 
selbst herausgeschraubt werden kann. 
Das Filtergehiuse ist in einer Feder- 
klammer auf einem Holzbrett bequem 
zuginglich befestigt. 

Alle Metallteile, die mit der Reinigungs- 
fliissigkeit in Beriihrung kommen, sind 
aus rostfreiem Stahl hergestellt. Die 
Rohrverbindungen bestehen aus zahem, 
stranggepresstem Polyamid. Alle Teile 
kénnen daher leicht gereinigt und wenn 
nétig sterilisiert werden. 

Groéssere Filter kénnen auch mit 
Temperaturregelung fiir die Reinigungs- 
fliissigkeit geliefert werden. Die neuen 
Filtergeriite sind zwar hauptsiachlich fiir 
Uberschall - Reinigungsbader bestimmt, 
kénnen aber auch fiir andere Filter- 
zwecke Verwendung finden. 
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BESCHLEUNIGUNGSMESSER 
(Abbildung Seite 121) 


De Havilland Propellers Ltd, Hatfield Aerodrome, 
Hatfield, Hertfordshire 


Der Beschleunigungsmesser MV300 ist 
das Ergebnis eines Entwicklungspro- 
gramms fiir hochwertige, preisgiinstige 
und kleine Instrumente. Der MV300 ist 
die dritte Generation einer Entwicklungs- 
reihe. Fiir jedes der Geraite wurden 
wesentliche Herstellungs- und Betriebser- 
fahrungen erworben. Bemerkenswert ist 
die hohe Empfindlichkeit dieses Gerates 
mit 25 V Vollausschlag. Eine Auswahl 
von Modellen mit Empfindlichkeiten von 
0,5 V/g ... 8 V/g bei Belastung mit 0,5 M2 
sowie mit Eigenfrequenzen von 34... 
137 Hz ist lieferbar. 

Die seismografische Masse des Instru- 
mentes besteht aus einem lamellaren 
Anker, der den beweglichen Teil eines 
Differenzial - Transformators in einem 
Wechselstrom-Wandler bildet. Der Anker 
wird durch ein Blattfedersystem gestiitzt, 
das geometrisch Watt's geradliniger 
Anordnung 4hnlich ist und fiir den 
Schwerpunkt geradlinige Bewegungen 
ergibt. Dadurch werden praktisch Kreuz- 
kupplungsfehler und _ Einfliisse durch 
Querbeschleunigung ausgeschlossen. Die 
Gesamthysterese ist unter 0,7‘ der 
Amplitude und der Kreuzkupplungsfehler 
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unter 0,2%. Anschlige sind vorgesehen, 
die sehr hohe Stossbelastungen aushalten 
und Uberlastung bis zu 100 g widerstehen 
k6énnen. 

Da es sich um ein induktives Instru- 
ment handelt, sind die Auflésungsfehler 
nominell Null. Ein eingebauter Demodu- 
lator mit Filter ist mit Epoxydharz 
vergossen und liefert eine Ausgangs- 
gleichspannung mit geringer Restwellig- 
keit. 

Der Beschleunigungsmesser hat Drei- 
punktbefestigung, um bei Montage auf 
unebenen Flaichen ein Verziehen des 
Gehiduses zu verhiiten. Als weitere 
Vorbeugungsmassnahme ist der Instru- 
mentrahmen im Gehiause spannungsfrei 
befestigt. Die Einheiten sind luftdicht in 
einem Gehiause verschlossen, das nur 
Glasdurchfiihrungen und Létsiume hat. 
Zwecks Dimpfung sind sie mit Ol gefiillt, 
und eine vorgesehene Metallmembrane 
erlaubt Wéarmeausdehnung. Fiir die 
Dampfung findet Silikonél Verwendung, 
da es einen geringen Temperaturkoeffi- 
zienten fiir die Viskositat hat. 

Des Gerit ist fiir Einsatz bei —60°C 

. +100°C gedacht, wird aber wahrend 
der Herstellung iiber diese Grenztempera- 
turen hinaus gepriift, um die Stabilitit 
des Nullfehlers zu bestimmen. Der 
héchste Nullfehler ist 1,59 des Voll- 
ausschlags, und der héchste Tempera- 
turkoeffizient ist 2,5mV/°C. Im allge- 
meinen geniigt eine Empfindlichkeits- 
Toleranz von +5‘ fiir Sonderzwecke 
kann dieser Bereich aber reduziert werden. 

Sowohi Nullfehler als auch Empfind- 
lichkeit kénnen von aussen nachgestellt 
werden, falls das Gerit durch Unfall 
Schaden erleidet; das vereinfacht die 


Reparatur, da das Gehduse vollistandig 
verlétet ist. Die Nachstellung wird durch 
Auswechseln fester Miniaturwiderstande 
gegen andere Werte erreicht, 
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DROSSELLOSE NETZGERATE 
(Abbildung Seite 121) 

The Solartron Electronic Group Lid, 

45 Thames Street, Kingston, Surrey 

Die Solartron’ Electronic Group 
kiindigt eine Serie drosselloser Netzgerit- 
Bausteine an, die besonders fiir Dauerbe- 
trieb bei Impulsbelastung  entwickelt 
wurden und Belastungsstésse von null 
bis zur vollen Belastung ohne Rege- 
lungsausfall vertragen kénnen. 

Diese Eigenschaft wird durch voll- 
standig neue Regelungsschaltungen 
erreicht, die es erméglichen, die Quellen- 
impedanz bis zu 0,5 MHz trotz eines 
Stabilisierungsfaktors, der besser als 
400 : 1 ist, sehr niedrig zu halten. 

Die Serie umfasst drei Bausteine fiir 
100mA _ Hdéchstbelastung (AS 951, 952, 
953) und drei fiir 200 mA (AS 955, 956, 
957) mit Ausgangsspannungen von 100 
400 V. Die Ausgangsspannung kann tiber 
einen Bereich von +50 V der Netzspan- 
nung eingestellt werden. Blindbelastungen 
kénnen angeschlossen werden, ohne die 
Leistung zu beeinflussen. 

Genau so wie die anderen Solartron- 
Netzgerate ist diese drossellose Serie 
reichlich bemessen und gibt auch die 
tibliche Wechselstrom-Heizversorgung mit 
oder ohne Mittelanzapfung ab. 
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SPULENWICKELMASCHINE 
(Abbildung Seite 121) 
Westool Lid, St. Helens Auckland, Co. Durham 

Westool Ltd stellt eine neue Tisch- 
wickelmaschine mit Zahler und Antrieb 
her, die nur ungefahr 610 mm lang und 
610 mm breit ist. 

Die Maschine ist mit einem fiinfstel- 
ligen Tourenzihler mit Nullstellung 
ausgeriistet und kann mit einer Héchst- 
geschwindigkeit von 4000 U/m laufen. 
Die Anlaufgeschwindigkeit von Null bis 
zur Héchstgeschwindigkeit wird durch 
ein Bedienungshandrad an der Maschinen- 
vorderseite reguliert, das das Potentio- 
meter einer elektrischen Warner-Kupp- 
lung zum Motor einstellt. 

Spulen bis zu 127mm Durchmesser 
und 76mm Lange kénnen mit Draht- 
stirken von 0,025...0,31mm_ gewickelt 
werden. Der Abroller ist fiir Haspeln bis 
zu 152mm Durchmesser geeignet. Fiir 
Drahtstirken von 0,025 ... 0,05 mm wird 
jedoch auch ein Feindrahtabroller gelie- 
fert. 

Zwei elektrische Warner-Bremsen sind 
in die Transportvorrichtung eingebaut 
und mit zwei Schneckenradern gekuppelt, 
die dauernd mit zwei Leitspindeln in 
Eingriff stehen. Der Transport wird 
mittels verstellbarer Anschlige einge- 
stellt, die durch Mikroschalter die elek- 
trischen Bremsen erregen oder abregen, 
wodurch eine genaue und sofortige Rich- 
tungsumkehr erzielt wird. 

Die Steigerung wird mittels eines 
Handrades eingestellt, dessen Skala in 
Drahtlehren oder Zolldezimalwerten 
geeicht ist. 
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Zusammenfassung 
der wichtigsten Beitrage 


Farbfernsehen in England 


von R. D. A. Maurice 


Die British Broadcasting Corporation beschaftigt sich seit 1953 mit dem Farbfernsehen. In den 

vergangenen Jahren wurde viel an der Frage gearbeitet, ob sich das amerikanische N.T.S.C.-System 

Zusammenfassung des dem britischen 465-Zeilen-System anpassen ldsst. Einige Berichte und eine Sonderverdffentlichung 
Beitrages auf Seite 68-73 der BBC Engineering Division wurden in diesem Zusammenhang verdffentlicht. Die vorliegende 
Arbeit gibt eine kurzgefasste Zusammenstellung fiir diejenigen, die mit der Farbfernsehtechnik schon 


vertraut sind. 


Analogrechner-Technik von F. C. Harbert 
Der erste Teil dieses dreiteiligen Beitrags iiber Analogrechner-Technik beschreibt Rechneranordnungen 

zur Lésung von gleichzeitigen algebraischen Gleichungen, Eigenwertproblemen und vielgliedrigen 

Gleichungen mit Hilfe einer Kettenmethode. 


Zusammenfassung des 
Beitrages auf Seite 74-77 


Transportverzégerung erforderlich ist. 


Der zweite Teil beschreibt eine Methode fiir Naherungslésungen partieller Differentialgleichungen 
mit begrenzten Differentialmethoden. 
Im letzten Teil wird eine andere Rechenanordnung beschrieben, die fiir die Simulierung einer 
Padé’s Anndherungen werden benutzt und durch ein Beispiel 


erldutert, das den Einfluss einer solchen Verzdgerung auf die Stabilitat eines Schleifensystems zeigt, 
sowie eine Technik, die diesem entstabilisierenden Einfluss entgegenwirkt. 
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Kenniinien und Einsatz von Zener-(Referenz-) dioden von J. A, Chandler 


Die Kennlinien der Zenerdioden werden ausfiihrlich besprochen und Kurven werden gezeigt, die die 
Schwankungen des Wechsel- und Gleichstromwiderstandes der Steilheit fiir Spannung und Strom, die 

Temperaturschwankungen der Zenerspannung und die Durchlasskennlinien der Dioden darstellen. 
Zusemmunfemung é08 Eine allgemeine Schaltung fiir eine einfache konstante Stromquelle wird unter Beriicksichigung der 
Beitrages auf Seite + Spr durch die Dioden und die Schaltung auftretenden Beschrankungen besprochen. Temperaturausgleich 
ges fiir die Dioden wird erwogen und die Resultate gezeigt. Unter Benutzung der erwahnten Kennlinien 
wird die Stabilitat der Ausgangsspannung in Bezug auf Schwankungen der Eingangsspannung und 
Belastung untersucht. Ein zweistufiger Stabilisator und ein praktisches Beispiel einer hochkonstanten 

Referenzspannung mit verhdltnismdssig einfachen Schaltungen werden gezeigt. 


Eine Quadratursperre mit Transistor-Thermistor Gegenkopplung von I. C. Hutcheon und D. N. Harrison 


In einem Wechselstrom-Servosystem kénnen Quadratureffekte ausgeschaltet werden, wenn das 
verstarkte Restsignal entmoduliert und dann dazu verwandt wird, eine negative Gegenkopplung zu 
regeln, die gegeniiber dem Hauptwechselstromtrdger um genau 90° phasenverschoben ist. Die 
Konstruktion einer Sperre mit Transistor-Vorverstarkung wird beschrieben, die zwei indirekt geheizte 
Heissleiter zur Regelung der Gegenkopplung benutzt. 


Zusammenfassung des 
Beitrages auf Seite 87-91 


Dekadenzihiréhre EIT in Schnellziéhlkreisen von V. Radeka 


Die Moglichkeiten, mit EIT Zahlrérhen schnell zu zahlen, werden untersucht. Die Ablenkung de’ 
Elektronenstrahls wird betrachtet und die zur Erreichung des stabilen Punktes erforderliche Zeit 
kalkuliert. Die Grenzwerte fiir genaues Rechnen werden im Zusammenhang mit der geforderten 
Zusammenfassung des Betriebssicherheit theoretisch und versuchsmdssig bestimmt. Der Befund zeigt, dass die EIT bis zu 
Beitrages auf Seite 92-95 ungefahr 10° Impulse pro Sekunde Verwendung finden kann. Eine fiir Allgemeinverwendung geeignete 
Schaltung fiir dekadische Schnellzahler wird angegeben. Das Arbeiten der Schaltung wird in keiner 
Form von Eingangswellenform oder Netzschwankungen beeinflusst. Nur eine Gleichstromspannung 
ist erforderlich. 


Ersparnisse in Serienstabilisatoren von D. J. Collins und J. R. Pearce 


In diesem Beitrag wird darauf hingewiesen, dass der Wunsch, die schlechten Bedingungen des 
Serienstabilisators zu iiberkommen, unwirtschaftliche Anspriiche an Serienelemente stellt. Wenn 
der Belastungsstrom im wesentlichen konstant ist, kann ein Widerstand parallel zum Serienelement 
geschaltet werden. Zur praktischen Lésung dieses Problems wird eine Grundschaltung beschrieben, 
in der ein Widerstand einem Pufferteil parallel geschaltet ist. 


Zusammenfassung des 
Beitrages auf Seite 96-97 


Leistungsparameter von Silizium-Leistungsflichengleichrichtern von D. R. Coleman 


Als Ausgangsleistung eines Gleichrichteranschlusses betrachtet, bezieht sich die elektrische Leistung 
der Silizium-Leistungsgleichrichter auf deren Kennlinien und hangt, wie gezeigt wird, von der 
Zusammenfassung des Kristalltemperatur ab. Temperaturregelung wird vom Gesichtspunkt des Warmewiderstandes aus 
Beitrages auf Seite 98-102 besprochen. Eine Methode zur Berechnung der Verlustleistung und der Anschlussbemessungen fiir 
Silizium-Gleichrichter wird beschrieben. Einige fiir einwandfreies Arbeiten bei Einschwingvorgdngen 

notwendige Uberlegungen werden erwdhnt. 


Ein Tachometer mit hoher, kurzfristiger Genauigkeit von C. Reed 


Ein Gerdt fiir Geschwindigkeitsmessungen an einem Wechselstromerzeuger, das eine Nennge- 
schwindigkeit mit einem Bereich von + 10% anzeigt, wird beschrieben. Die angewandte Methode ergibt 
eine geradlinige Skala und kann anderen Nenngeschwindigkeiten und Bereichen angepasst werden. 
Die Genauigkeit wird durch einen eingebauten quarzgesteuerten Oszillator eingehalten, und die 
Eichung kann leicht gepriift und nachgeregelt werden. Verfeinerungen werden vorgeschlagen. 


Zusammenfassung des 
Beitrages auf Seite 103-105 


Mehrbereich-Elektrometerverstirker mit regelbarer Gegenkopplung von J. H. Leck und W. E. Austin 


Der in dem Beitrag beschriebene einfache Elektrometerverstarker hat sich wahrend einer 
zwodlfmonatlichen Periode zur Messung positiver Ionenstréme bis zu 10-% A herunter als genau und 
zuverlassig bewdhrt. Die Verwendung einer modernen Miniatur-Elektrometerréhre zusammen mit 

Zusammenfassung des einem transistorisierten Gleichstrom-Leistungsverstarker mit grosser negativer Gesamtgegenkopplung 
Beitrages auf Seite 106-107 ergibt eine vorteilhafte Kombination von Einfachheit, hoher Genauigkeit und ausreichender Empfind- 
lichkeit. Der dem transistorisierten Gleichstromverstarker innewohnende Nachteil der Tempera- 
turunbestandigkeit wird durch Einsatz eines Silizium-Transistors in der ersten Stufe und Betrieb mit 

Eingaben von einer konstanten Stromquelle iiberkommen. 


RC-Oszillator mit Spannungsabstimmung von W. D. Ryan und F. E. Hetherington 
Die im Selen-Trockenscheibengleichrichter mit Vorspannung in Sperrichtung auftretende variable 
Zusammenfassung des Kapazitat findet in einem RC-Oszillator des Briickentyps Verwendung, um eine mit der angelegten 
Beitrages auf Seite 108-110 Gleichspannung variable Niederfrequenz hervorzurufen. Die Kennlinien geeigneter Gleichrichter, 
die Oszillatorschaltung und ihre Betriebsdaten werden beschrieben. 


ELECTRONIC ENGINEERING 132 FEBRUARY 1960 





EE 18 110 for further details 


moving 
with the 


utmost 
efficiency 


ot ae cosimeaend 


PLANNAIR 
a I ye ICE 9 oF 


For thoroughly effective temperature control by the movement of air, design engineers 
insist on Plannair Blowers—particularly for electronic or aircraft installations where 
space is at a premium. 

Specialist skills and experience explain why Plannair make such a success of making 
Blowers—consult them from the start and build both their know-how and their Blower 
right into your equipment. 

Certainly if you have—or anticipate—a heating, cooling or ventilation problem, drop 
Plannair a line or simply ring them; they'll be pleased to give you advice—and 
specific details about the finest Blowers in the world. 


PLANNAIR LIMITED, WINDFIELD HOUSE, EPSOM ROAD, LEATHERHEAD, SURREY - TELEPHONE: LEATHERHEAD 4091 


oprian 
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PHILIPS GM6012 Broad Band Millivoltmeter (illustrated) 
Measures A.C. voltages from 1 mV to 300V 
between 2 c's and 1 Mc/s. Especially suitable for 
A.F. engineering, vibration measurement and 


First-class fo iimenre: wn 


For measuring A.C. voltage from 100uV up to 
30V, frequency range 1 Kc’s to 30 Mc/s in radio, 
TV and telecommunications applications. 


PHILIPS GM6020 Microvoltmeter 
Measures 10uV to 100V D.C. in 22 ranges, and 


direct currents from 10 uuA up to 10 vA. 
Pointer deflection is independent of polarity, 
this being indicated by two neon tubes. 


MULLARD EQUIPMENT E7555/2 Wide Range Voltmeter 
Measuring ranges: 0.5v to 15kV f.s.d., D.C. or 
peak A.C. Frequency range 30 c’s to 5 Mc/s 
(500v peak max.). A general purpose laboratory 
instrument, exceptionally stable in zero setting 


and calibration. 
MULLARD EQUIPMENT E7556 Voltmeter 


Accurately measures alternating voltages 
between 0.5 mV and 300V in the frequency range 
20 c/s to 1Mc’s with a total error of less than 

4°. over the whole range. 


These vaive voltmeters are only a small part of 
the range of Electronic Measuring Instruments Sole Distributors in the U.K. 
by Philips, Mullard Equipment Ltd., and other 


leading makers which we distribute and 
service. Ask for more details and for your 


name to be put on our mailing list—now. 


PHILIPS valve voltmeters are mage by PHILIPS EINDHOVEN HOLLAND C 0 N T R 0 L i N ST R U M E N T S LT D . 


207 King’s Cross Road, London, W.C.2 Phone: TERminus 2877 


RCLOOO3) 
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Why it will pay you to study 
the possibilities of the 


Substantial saving in weight 
High degree of flexibility—no metal fatigue 


Terminations fit British and American 
connectors, junction boxes, etc. 


Withstands temperatures from —70°C to Cc oO fa D u i T Ss Yv s 7 Ee mv 


+ 240°C —continuous rating 
Provision for pressure sealed electrical system 


Elimi ial ble 1 lded < If you are interested in 
jliminates special cable lays, moulde 

“ : an f 
harnesses, and problems involved in FOF. Sens: eaeren 
encapsulation 


features you cannot 


vet . ‘a : i 

Simplifies connector wiring and permits easy ners See 

conductor changes patented ‘Confiex’ 

’ . : F Cond 

Assembly in situ requires no special tools ult System now 
ba , i - being widely used by 

Provision for double-screening on R.F. circuits leading Electronic Manu- 


Conduit unaffected by ester-based fluids facturers. 


SUPERFLEXIT LTD - BUCKINGHAM AVENUE - SLOUGH - BUCKS 
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We use—and misuse—all kinds of our own 
equipment in our own laboratories. So when we 
design and manufacture for you, we incorporate 

ideas and improvements that are fed back from a 
resident panel of keen critics whose only interest 
lies in getting the best equipment possible for the job 
in front of them. Here are a few of the 

items in which you reap the benefit of 

their influence and experience. 

Stabilised Power Units 

These units are manufactured to tight 
specifications and offer an extensive range of 
stabilised outputs. They incorporate a number of 
additional facilities and are all designed 

for standard 19-in. racking or bench use. 

We'll be happy to send you our latest catalogue 
describing this equipment and giving all the 
essential facts about it for ordering. Make a note 
of these associated products; 

we invite you to send for literature or fuller 
information about those that interest you: 
“Clix” Radio and TV Components— 

Valve Holders, Plugs, Sockets, Screening Cans, etc. 
PTFE Insulated Instrument Wire— 

In 11 colours (and with trace). Conforms to 
Sections B & G of Specification 

EL. 1930 Ministry of Supply (Air). 


ELECTRONIC ENGINEERING 


oinn 
‘Cuca 7) 
\ forge a® 

panning 


TRIED POWER UNT TPE £0075 
wo aw 
es @ B-~ 
” — ~ 
© im matinee 


watch 
this space 


this is where you will be fitting your latest item 
of laboratory electrical equipment ; whatever goes here 
must be above suspicion. So when you come to fill 
this space, think in terms of Siemens Ediswan.. . 


Stabilised Power Unit Type R.1095 

Outputs : (1) Continuously variable highly 
stabilised D.C. output between 120 
and 250 volts. Load 0-50 mA. 

(2) Unstabilised centre tapped 6.3 volts 
A.C. supply at 3 amps. 
10 volts mains change or 0-50 mA 
load change result in less than 
0.15V change of output which is 
effectively independent of mains 
frequency and waveform. 

Output Resistance: Less than 32 under all conditions. 


Ripple: 


Stability : 


positive or negative terminal earth. 


Low Frequency Oscillator Type R.2125 

For testing, calibrating and setting up amplifiers, 
vibration recorders, wave analysers and oscilloscopes. 
Frequency Range: 1 c/s—130 Kcey’s. 

Frequency Accuracy: 2% 

Output: Sinusoidal. Balanced push-pull, 50 


volts p-p. maximum on open circuit. 


5 x 20dB steps plus 0-20d8 
continuously variable. 
Output impedance: 60022-0-600!2. 

Bench or 19-in. rack mounting. 


Attenuator: 


LABORATORY 
ELECTRICAL EQUIPMENT 


Associated Electrical Industries Ltd 
Radio and Electronic Components Division 
PD 17, 155 Charing Cross Road, London, W.C.2 


Tei: GERrard 8660. Telegrams: Sleswan Westcent London 


Approximately 2mV R.M.S. with either 








; 
t 
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Precision Potentiometers.. 


SS 











Helical Potentiometer. Type PX/4/H.10 by 
Turnings 3 and 10. 





Designed to give trouble free operation 
under all conditions—Fox Pots are in 
service in all branches of industry. 


There is a Fox Pot for every application 
you can name—why not discuss details 
with our representative or write for our 
fully descriptive catalogue. 


__ Low Torque Sub- For full details and specifications of 
miniature. Type F. and G. 7 ° 
the large range of toroidal and helical 
potentiometers, please write to: 





P.X. FOX LTD., 


Specialist Manufacturers of Potentiometers, 


Hawksworth Road, Horsforth, Yorks. 
Tel: Horsforth 2831/2. Grams: Toroidal LEEDS. 


London Office: 104, Chislehurst Road, Orpington, Kent. 
Tel: Orpington 21031. 


Low Torque, high precision, servo mounting types 
S.F., S.G., S.B., also Synchro 8. 


Ceramic Potentiometer, 
eight sizes 10—1,000 watts. 


Toroidal Potentiometer. Type 
B and E with ball races. 
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Here ($ Icv. stabilized 


d.c. Supply at 4 amps 





How to obtain high current 
constant voltage D.C. supplies ? 





You could use cumbersome batteries, with 

their need for constant attention, but it is 

far simpler and certainly more reliable to use 

one of the new ‘Advance’ Constant 

Voltage D.C. Supply Units. Eight standard 

models are now available as listed, but if you 

have requirements outside this range our Technical 
Representatives and Engineering Department 

are at your service to help you. 


These new D.C. Supply Units.... 
@ Provide HIGH CURRENT OUTPUT AT LOW COST 
@ Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT 

6 volts 1.25 amp 


@ Have HIGH ENERGY RESERVOIR, thus are suitable ee Boece 
for pulse, intermittent or variable loads Racy 








OUTPUT RATINGS 





: 12 volts 1.25 amp 
@ Operate with HIGH EFFICIENCY of 12 volts 4.00 amps 
24 volts 1.00 amp 
24 volts 5.00 amps 
48 volts 1.00 amp 
48 volts 4.00 amps 




















CONSTANT 
VOLTAGE 


Db.c. POWER SUPPLIES 


Full technical details available in Leaflet Ms9 
Advance COMPONENTS LIMITED « Mains Stabilization Division 


GO 7 ROEBUCK ROAD: HAINAULT: ILFORD: ESSEX « TELEPHONE: HAINAULT 4444 
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L.1355/Au. or Ag. 8-pole, 0-1” Module 
L.1369/Au. or Ag. 8-pole, 0-15” Module 
L.1370/Au. or Ag. |2-pole, 0-15” Module 
L.1372/Au. or Ag. !|8-pole, 0-15” Module 
L.1381 Polarizing pin 

L.1380 Guide 





Current rating: 4 amp. per contact (conventional wiring) 


3 amp. per contact (printed wiring) 


Voltage rating: 350V d.c., 250V a.c. 


Breakdown voltage: 
0-15” module 0-1” module 
Sea level 68,000ft. Sealevel 68,000 ft. 
Between pins 3-25 KV 550V 2-5 KV 450V 
Pins to earth 4:00 KV 550V — _ 


Contact resistance: Less than 5 milliohms 

Insulation resistance: Greater than 4 x 10* megohms 
Contact pressure: 300 gm. approx. 
Insertion force: 10 oz. per contact approx. 
Extraction force: 8 oz. per contact approx. 


Weights: 
L.1355 3-7gm. L.1369 4-S5gm. 
L.1370 6-Sgm. 1.1372 9-Ogm. 


TERMINALS 


FEBRUARY 1960 


PLUGS & SOCKETS 
Regd. CIRCUIT PROTECTION DEVICES 


EE 18 116 for further details 


‘*BELLING-LEE?’’ 


PRINTED CIRCUIT 


CONNECTORS 


The unique contact spring construction of these 
printed circuit connectors ensures reliable electrical contact 
with the minimum of wear on the board. The beryllium 
copper contact springs are heat-treated and gold or silver- 
plated (—/Au. or —/Ag.). 

Solder spills are provided at the back of the con- 
nectors for either conventional wiring or printed wiring on 
ao-1” or 0-15" grid. 

The plug-in boards may be printed on both sides, 
and the connectors are open-ended to reduce machining 
operations on the board and enable several connectors to 
be fitted end-to-end on one board. 

The position of the board can be controlled by a 
guide (L.1380), and correct polarity can be arranged by 
removing a contact and replacing it with a polarising pin 
(L.1381) which engages with a slot cut in the printed 
circuit board. 


Mos. *‘Belling-Lee’’ products are covered by 
patents or registered designs, or applications 


BELLING ¢ LEE LTD 


GREAT CAMBRIDGE ROAD; ENFIELD, MIDDX., ENGLAND | 


Telephone : Enfield 3322 


INTERFERENCE FILTERS 
RECEIVING AERIALS 
ELECTRONIC ENGINEERING 
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FERRANTI 





OG 3 phase type APPLICATIONS 


Size 134" “ a a amps and 300/I50volts DC = Ferranti high power silicon rectifiers have 


3 phase type many applications in the aircraft, electronic, 
Ratings up to 22/44 amps and 300/150 volts DC electrical, chemical, marine and general engin- 


Size 83” x 44” x 34” ng a , . ‘ 
1 phase type eering industries including aircraft and marine 


Ratings up to 16 amps and 200 volts DC power supplies, radar systems, computers, 
Size 53" x 2" x 34%" chemical processing,welding and electroplating. 
1 phase type 

Ratings up to 16 amps and 200 volts DC 

Size 2?” x 34” x 34” 


FERRANTI 


“a 
[derranti 


SILICON 


SEMICONDUCTOR 
DEVICES 


FERRANTI LTD - GEM MILL - CHADDERTON - OLDHAM - LANCS : Tel: MAin 666! 


LONDON OFFICE: KERN HOUSE, 36, KINGSWAY, W.C.2 Telephone: TEMple Bar 6666 
FE 196 
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CASCAP CERAMIC 
: CAPACITORS 


Stns: 


Koy eg — * SY 6 
NAMATH ECA era LE TIT OO SE s2uaNeeS 
1S ( sD So Ait see iran ie SSE OE ETS SURES OF AOE 


=o 
Veneers 
% Regd. Trade Mark 


RAD 


— 


‘ 


2 
Ge 


An? 
Faye 


VERY HIGH INSULATION 


H 
IGH CAPACITANCE - size RATIO 


FAVOURABLE POWER FACTOR 


Plessey ‘Cascap’ disc type ceramic capacitors are available in three ranges each of which 
has an insulation resistance of 10,000 MQ at 500 V d.c. These capacitors are now 
finished by a special process which gives superior humidity rating and lead anchorage. 


Normal Range 
1,000-10,000 pF Capacitance tolerance :—25 to +50°%. Diameter: -4 to -9 in. 
Thickness: -15 to -14 in. Working voltage: 500 V d.c., 300 V a.c. 


Miniature Range 
500-10,000 pF Capacitance tolerance :—25 to +-50°%. Diameter: -28 to -64 in. 
Thickness: -13 to -14 in. Working voltage: 500 V d.c., 300 V a.c. 


Temperature compensating range 
P 100, 3-30 pF N 750 6-100 pF Capacitance tolerance: +5 to +20% 
Working voltage: 500 V d.c. Diameter: 0-2 in. to 0-5 in. Thickness: 0-1 in. to 0-25 in. 


o \ COMPONENTS GROUP 


CHEMICAL & METALLURGICAL DIVISION 
| Plessey | 


| THE PLESSEY COMPANY LIMITED 


A 
WOOD BURCOTE WAY - TOWCESTER + NORTHANTS + TELEPHONE: TOWCESTER 312 


OVERSEAS SALES ORGANISATION — PLESSEY INTERNATIONAL LIMITED * ILFORD * ESSEX * ENGLAND * TELEPHONE: ILFORD 3040 
TCIBA 
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Where Precision 
is essential 


M°¢ GRATH PLASTICS 
MOULD TO FINE LIMITS 
FOR INDUSTRY 


With a team of technicians, each member being 
selected for his specialist knowledge and experience 
in the field of plastics, we are able to offer industry 
the best possible service in the production of mould- 
ings, irrespective of the shape, size or complexity. 
Your enquiries are invited. 


MCGRATH PLASTICS LTD 


PRECISION MOULDERS 


SWIND¢ 


CHENEY MANOR 
SWINDON 654 


TRADING ESTATE 
TELEPHONE 


ELECTRONIC ENGINEERING 
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cable clips 


. the continued approval of manufacturers 
all over the world is clearly apparent, for every 
year more and more millions of NX, CY 
and X type clips are supplied all over the 


world to Radio, 
Domestic Appliances, 


Electronic, 


Switchgear, 
Aircraft, 


Marine 


Engineering, Atomic Energy, Electrical 
Contracting. and Laboratory Equip- 
ment manufacturing industries. 
In fact, wherever a high grade and secure fixing is required 
for cable, tubes or components whatever the 


climatic conditions. 


NX CLIP 


Made from the highest 
grade nylon, stronger 
than metal and twice as 
light, in sizes § in. to 1 
in. inside diameters. 


Cy CLIP 


For dual cable runs in 
Seventeen sizes, covering 
cable diameters & in. 
upto tin. In highest 
grade hard P.V.C, 


x CLIP 


Manufactured in rio 
est grade hard P.V. 

in twenty-five different 
sizes from % in. inside 
diameter to 2 in. inside 
diameter to cover the 
smallest and largest 


wiring r ns —. 


“HEAR!S— 








* EARLY 


Here's a bush specially designed for instant assembly. 


The Insuloid simple snap-on finger action is as quick as a 
thought and once it’s fixed it stays fixed, guaranteeing no 
chafing, and no tools are required whatsoever. 
Insuloid Ring Lock Bush is non-metallic, fully tropical, 

high dielectric, is approved by all services and is completely 


secure under all working conditions. 


time-and-money-saving component. 


Another Insuloid 


Send for fully descriptive literature covering a full range 
of Insuloid Cable Clips and Ring Lock Bushes today. 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leestone Road, Wythenshawe, Manchester 


Telephone : 


WY THENSHAWE 2842 and 3163. 


Come and see us on Stand z8 at the A.S.E.E. Exhibition, Earls Court. 
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What I really need is one of these NEW 


E.M.lI. 
OSCILLOSCOPES 





MAIN CHARACTERISTICS 





TYPE WM16G 


A wide-band, highly versatile instru- 
ment of great sensitivity and range 
at an extremely reasonable price. 
Compact and carefully planned for 
operator convenience, the WM16 
makes use of plug-in units to increase 
its versatility. An instrument which 
admirably covers the requirements 
of design laboratories, universities, 
government departments in such 
fields as radar, television, computers 
and millimicrosecond oscillography. 
The instrument has been so designed 
that no specially selected components 
are incorporated. 


TYPE WMS 


A general-purpose instrument which 
sets a new standard for overall per- 
formance, at a price which is lower 
than that of any other compar- 
able instrument. Incorporates unique 
direct time and voltage measurement 
system. Equally suitable for TV wave- 
form analysis, pulse measurements 
and study of transient phenomena as 
for production testing routine. 





BANDWIDTH 


MAXIMUM 
SENSITIVITY 


TIME BASE 
SWEEP SPEED 


TIME BASE DELAY 


MEASURING 
ACCURACY 


SIGNAL DELAY 


PLUG-IN UNITS 


ANCILLARIES 





DC-40 Mc/s 


50 mVicm at full 
bandwidth 
20 mu secsicm.-0.5 
secs/cm 


] us - 0.15 secs 


3% 
0.2 vsecs 


These include : 
Wide band unit, 
Dual trace unit. 


Attenuator Probes, 
Viewing Mask, 
Termination Pad, 
Trolleys, Cameras, 
Binding Post 
Adaptor. 











MAIN CHARACTERISTICS 








BANDWIDTH 


SENSITIVITY 


TIME BASE 
SWEEP SPEED 


MEASURING 
ACCURACY 


SIGNAL DELAY 


ANCILLARIES 





DC-15 Mc/s 


50 mVicm-25 Vicm 


50 mus/cm-15ms/cm 


4 3% 


0.25 us 


Various 
attenuator probes, 
pre-amplifier 

type 8, 

viewing mask, 
550 termination 
pad, cameras, etc. 








gress a Bow Xe Lae a; Bay ‘ by 
LE EEA OLE. 


Ask us now for a demonstration or fora 


leaflet with full details of these Oscilloscopes 


E.M.!1. ELECTRONICS LTD 


INSTRUMENT DIVISION 
HAYES ~ MIDDLESEX « TEL: SOUTHALL 2468 
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smaller than a penny 








operated by a sixpence 


Honeywell V4 Low Torque, Snap Action Switches 


V4—12 Normally-open design 





V4-14 Double-throw design 





AUTOMATIC 

VENDING EXHIBITION 
FEBRUARY 15th—18th 
See Honeywell 

Stand M5 


ELECTRONIC ENGINEERING 


Honeywell V4 *‘coin’’ switches can be operated by torques 

as low as 0:141 ozs. ins. ...are less than half the size 

of a matchbox. Rated for 5 amps at 250 volts, these switches 
are installed in a variety of modern vending machines, 
including many of those using coin mechanisms supplied 

by Hartley Baird Limited. 

Many other ‘‘ vending” switches. Other Honeywell 

micro switches perform such functions as selection, interlock on 
service door, level indication, waste stop, timing, and 
operation of *‘sold out” sign. Machines using these switches— 
BZ basic, appliance type, V3 high capacity —include 

milk machines (Joseph Sankey and Sons Ltd), coffee machines 
(W. M. Still & Sons Limited), hot and cold drink machines 
(Ditchburn Vending Machines Limited). 

Write now for free literature. Honeywell catalogues and 

data sheets contain full information: Catalogue 62a— basic 
switches; Catalogue 74—V3 switches ; Data sheet 46c— V4 
**coin’’ switches. 

Write for your copies now to Honeywell Controls Limited, 
Ruislip Road East, Greenford, Middlesex. Telephone: WAXlow 2333. 
Expert engineering service available from offices in the principal 
cities of the United Kingdom and throughout the world. 


Honeywell 
| Fait Mier Quithes 
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loscopes 

Was almost 
electronic 

Ssible precision 
ofevery industry, 
r-cars or sputniks; 


t of the past decade has 

FO the obvious—that the oscillo- 

ard measuring instrument of every 

ADVANCED ED Plant not just in the “back room”, as 

aU datically accepted as the micrometer, the weighing 

LF AND SERVO INVESTIGATIONS — D#lance or the thermometer | | 
Overleaf we have presented ten outstanding oscilloscopes of 

the Solartron range in a form which we hope will be helpful 


FIELD AND SERVICE USE in deciding the right model for your field of activity. But 


remember too, that expert advice is freely available from 


GENERAL-PURPOSE Solartron, who make more ‘scopes than anyone in Europe. 


SOLARTRON COMPANIES OR AGENTS IN ALL PARTS OF THE WORLD. 





HOW TO GHOOSE YOUR 


SOLARTRON 


~ a v mee : ie 


OSCILLOSCOPE aes edt 


cee Please remember that skilled Solartron measuring oscillo- use the comprehen- _portable, the new 
applications engineers are available at all times to scope in production a re wow sod Ce Ses conse. 
‘ » » hect "er . ; nacific today, the Solartron and wide time-base andwidth ‘scope is 
advise on the best ‘scope to use on your specific CD 643S measures range provided in equally suitable for 
research or production task. Our Instrument time and amplitude the CD 523S.2 make technical ay 
sale iVisi g p > Tj i to better than 2°, this a particularly or servicing of TV 

Vis on Ww 
Sales Division at Thames Dittc n will over a bandwidth versatile general- and other complex 
record your enquiry for immediate of DC to 12 Me's. purpose oscilloscope. electronic equipment. 


action. Ring EMBerbrook 5522. (London). 
7 JOINT 
FIELD & SERVICE USE seevice 
‘APPROVAL 


CD 7115.2 CD 6438 CD 5235.2 


DTH: | 
1 Mc/s (¥; and Y2). | 


pc/cm—10 Sec/cm. 


| 
| 
l 
| 
| 
E BASE RANGE : CALIBRATION ACCURACY: | 
. expansion) | 5% velocity. | 
D.02 “Sec 'cm— | 5% amplitude. | 
| Sec/cm. | T.B, TRIGGER DELAY: —| 
IBRATION ACCURACY: | 10 «Sec to 100 Sec. | 
0% velocity. | 
07% amplitude. Push-button or auto- | 
erase time is 0.2 Sec. 
ocket forpower probe. | ‘Z' modulation input. 
Triggering from ext., | 
int., or push-button, or 
via delay generator. 


0.5 «Sec. signal delay. 


EDUCATION 
qaiiyieee RADAR. 


Qa Communications 


| 
| 
access to plates. | 
| 
| 
| 





AD 557 


BANDWIDTH : 
DC to 1 Mc/s. 
MAX. SENSITIVITY : 

| 3 mV/centimetre. 

| SENSITIVITY AT 

| MAX. BANDWIDTH : 

| 30 m¥/cm—100 V/cm. 
TIME BASE RANGE: 

| (inc. expansion) 


0.1 «Sec/cm—1 Sec/cm. 


| CALIBRATION ACCURACY : 
10% velocity. 

| 5% amplitude. 

| ADDITIONAL FACILITIES : 
Power output for 
ancillaries. 
Long-persistence tube 


with flare suppression. 
Direct access to plates. 


CD 814.2 


BANDWIDTH: 

0.9 c/s to 9 Mc/s 

to 12 Mc/s (6 db). 

MAX. SENSITIVITY : 

40 mV/centimetre. 

Constant bandwidth. 
TIME BASE RANGE : 
(inc. expansion) 

0.02 «Sec/cm— 


0.01 Sec/em. | 
| CALIBRATION ACCURACY : 


5% velocity (marker 
pips). 


5% amplitude. (50 c/s 


substitution). 


Weight only 42 Ibs. 
(20 kg.) 
6-centimetre picture 
at 9 Mc/s. 

Integral TV sync. 
separator. 


EDUCATION 


GENERAL 
PURPOSE 


Quality —take the @W 7118.2 


CD 518/CD 568 


| BANDWIDTH : 
DC to 5 Mc/s. 


| MAX. SENSITIVITY ; 

| 0.4 V/centimetre. 
| SENSITIVITY AT 

| MAX. BANDWIDTH : 

| 10 V/centimetre. 


| TIME BASE RANGE: 

0.1 «Sec/cm—10 

|  mSec/cm. 

| CALIBRATION ACCURACY : 
C0 518: 1 wSec and 10 
“Sec markers, 
Accuracy 2%. 

1 “Sec sinusoid, 
Accuracy 1%. 

CD 568: Sinewaves at 1, 


| 


GD 513.2 


BANDWIDTH: 
DC to 10 Mc/s. 


| MAX. SENSITIVITY : 


1 mV/centimetre. 
SENSITIVITY AT 


| MAX. BANDWIDTH : 


10 V/centimetre. 


| TIME BASE RANGE : 


10 and 100 Sec periods, 


Accuracy 1%. 
2%, Amplitude (by 
meter). 


0.6 «Sec delay line. 


| 

| | 
| 1.B. delay 0—10 mSec. | 
| Designed for field use. | 


RADAR 


Lommunications— 


(inc. expansion) 
0.025 “uSec/cm— 
0.1 Sec/cm. 
CALIBRATION ACCURACY : 
5% velocity. 
5% amplitude. 


Access to plates. 
TV sync. input. 


Socket for power probe. | 


ve LL 


PURPOSE 


' CD 7118.2 


for example 


Adopted for use by the 
British Armed Services 
and by NATO, the 
Double-Beam CD 7118S 2 
is a typical example of 
Solartron’s adherence to 
precise manufacturing 
standards. With stability 
of performance assured 
by components which 
meet Spec. DEF 5000, 
backed by generous yet 
functional construction, 
the purchaser of a 
or indeed 
any Solartron oscilloscope 
is assured of a fine 


investment 





how to capture a transient... 


WITHOUT HAVING TO 


This latest, important addition to the Solartron oscillo- TRY VERY HARD 
scope range represents a significant advance in detailed 

examination of “‘once-in-a-lifetime’’ phenomena. The IPQ 

has already been ordered in quantity for use in 

Kingdom Atomic Energy Establishments . 

recognised as the leading tool for analysig 

phenomena. The versatility of 

eliminates the need for tiggg 

its attendant shortgga 

IPO has a writing spee 


(8 “uSec/cm) with an era 
*Y,’ and ‘Y2’ channels a INSTANT 
sensitivity of 10 mV/cm. 


plotting ‘X’ and ‘Y’ ampl . ERASURE AS 


between 100 mV/cm ang 
provides seven basic de 


10 Sec/cm, each of which REQUIRED 


times between x! and x 


~ 


+H DIRECT SIGNAL AND VELOCITY CALIBRATION 


THE SOLARTRON ELECTRONIC GROUP Ltd. - Thames Ditton - Surrey - England - Telephone: EMBerbrook 5522 


THERE ARE SOLARTRON COMPANIES & AGENTS THROUGHOUT THE WORLD 
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6,000 Times Faster than a Space Rocket 


The tracing speed of a high-speed cathode-ray oscillograph is more 
than 30,000 miles per second compared with 5 miles per second of 
the last stage of a rocket to put its satellite into orbit. Thus the 
tracing speed of the oscillograph is 6,000 times faster. This means 
that the 240,000 miles distance"to the moon could be covered in 
8 seconds. 















































Electronic Valves— 
The Decisive Components of Modern Measuring Instruments 


In countless laboratories and workshops rapidly changing electric 

processes are traced with cathode-ray oscillographs. The quality of 

its electronic valves determines its efficiency and performance. 

Measuring instruments are of greatest importance to science and 

industry, and with each year more and more of them are being 

produced and consequently the demand for electronic valves and 

EFFICIENT— tubes is constantly increasing. Trade with these components has 

developed into an important business on the world market. The 

MODERN— valve and tube manufacturers of the German Democratic Republic 

: are in a position to supply you with high-quality receiver valves, 

RELIABLE | F-] long-life valves, oscillograph tubes, thyratrons, and stabilisers for 
all purposes. 


ROHRENWERKE 


Agents for England: Messrs. Winter Trading Co. Ltd., 6 Harrow Road, London, W.2 





Please send me free of charge and without obligation your catalogue 
**Special Tubes”’ 


RFT ROHRENWERKE, 


Name Firm 
BERLIN-OBERSCHONEWEIDE, OSTENDSTR. 1/5 - stk: 


Country 


COUPON 


Address 
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the name that counts 


























Let Veeder electrically-operated counters solve your 

counting problems. General Purpose or Heavy Duty 

long life magnetic counters will keep you in contact with facts. 
Suitable for most voltages, both AC and DC 

and fully resettable. Send to Division W for details. 


Electrical and mechanical counters for all purposes. 


VEEDER-ROOT LTD 


Division W King Henry's Drive New Addington Surrey 








MAX *” SOLE LONDON 
SHEET METAL PUNCHES DISTRIBUTORS OF 


Be >a, 7| ELCOM 


Flexible Insulants mutrewaY pLuas 
to meet every 
electrical need 


Cloths and tapes in base materials from 
Cotton Cambrics to Woven Glass and Terylene, Patent No. 619178 and Patents | A full range of connectors from 2 to 


j ; ; ding. 33 way, proven in use by the 
coated with specially developed resins. Insulants pending electronic industries of the world. 





aan ee eee | 


to comply with Thermal Classifications A, E, B, Round, Square and Rectangular. 


F and H, combining high dielectric properties 
with mechanical strength and resistance 
to flexing and abrasion. 


The easiest and quickest way of 
punching holes in SHEET METAL. 


LIST OF SIZES AND 








PRICES ON APPLICATION 





Please write for Technical Brochures 





“ Q-MAX ” 
MODEL G.D.O.-2 
GRID DIP OSCILLATOR 


An ideal instrument for the deter- 
mination of tuned circuit resonant 
frequency, tuning transmitters 
without application of power, for 
the determination of coil mutual 
and stray inductances and both 
fixed and stray capacitances. Covers 
1.5 to 300 Mc/s in eight ranges. 


ik ERRYS 


Fully 
illustrated 

25 HIGH HOLBORN, LONDON, W.C.!I 
Tel.: HOLborn 6231/2 


io0CO LIMITED bere 
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ANNIESLAND, GLASGOW, W.3. —Scotstoun 5501/6 | ree 
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LU C ELECTRICALLY 


HEATED 


Strips thermoplastic 
& rubber insulation ¢ 
without effort 


Wire Strippers 


to cable core 
or wire screen 


ERSA Soldering Appliances 


Minitype SOLDERING NEEDLES with 
screwed-in elements; 10, 20, 30 W.., 
for finest electronic work 


—— 


SOLDERING PENCILS 20, 30, 40W., for the 
Assembly Line and the Service Engineer 


Also availables SOLDERING BATHS for 
Printed Circuits and for the Tinning of 
Enamelled Wire 


WTC Comprehensive Tool Range 
for Electric, Electronic and Allied 
Industries 


Box Joint Wiring Pliers, Sidecutting and Frontcutting Nippers, 
4}4°-8". 


Special Pliers for tipcutting, securing circlips and thermo- 
shunting. 

Printed Circuit Pliers for crimping and cutting, bending and 
cutting. 

Wirestrippers, hand and bench type. 

Inner Core Ejectors for screened cables. 

Chrome-Vanadium Box Spanner and Screwdrivers, also with 
flexible shaft. 

Torque Wrenches and Torque Screwdrivers. 

Standard Piercing Punches, Ejector Pins, Locating Pins. 

Spring Tension Pins, Bushes, Sleeves, Bolts. 

Hard Needle Files, Diamond Files, Laps and Wheels. 


Apply for Catalogues EE! 


WELWYN TOOL Co. Ltd. 


Stonehills House 
WELWYN GARDEN CITY HERTS 


Phone: Welwyn Garden 5403-4 
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KHO=exceptional stability and 
proved reliability in 


PRECISION 


Wire Wound 


RESISTORS 


THE STANDARD RANGE — 0-12 to 4M Q. 
Stability - better than 002%. 
Temperature coefficients guaranteed. 
Ratings — 4W, iW, 4W, 1W and 2W. 
Tolerances (set at 20°C.) +0-05%, +0-1%, 
+0-25%, 405% and +1% or +001 Q- 
whichever is greater. Matched pairs 
and groups to greater accuracy. 


SPECIAL TYPES made to order, iie., 
equivalents, Miniatures, types 
circuits ~ also, other 
temperature 


American 
for __ printed 
tolerances, stability, values, 
coefficients, etc. 


DELIVERY — Prompt and reliable 


LAWRENGE ELECTRONICS 


53, Hornsey Road, London, N.7. 
Telephone: NORTH 3445. 
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Voltage Regulating Transformers 
and. Line Voltage Regulators 


from 250-580 VA Models 41 and 42 
% Universal fixing centres 
Choice of ganged or automatic models 


YY 
ci 


THE NEW MODELS 71,72 from 1.5to2.5KVA 
Self-aligning brush gear 


(PATENT PENDING) 
Universal fixing centres 


3 
% Choice of ganged or automat’c models \4 


Delivery from stock 


Details available from :— 


THE BRITISH ELECTRIC RESISTANCE Co. Ltd. 
Queensway °* Enfield - Middlesex Telephone : HOWard 241! 
Telegrams : Vitrohm, Enfield 








BR 1361 





(ites -] SR Se ORT | oT ad 


Things 
looking up ? 


Business grows. Add a new 
machine. 

And grows and grows. Add a 
couple more. 

Sounds simple—till you start 
wondering where the money’s * 
coming from. 

That’s where UDT comes in. 
UDT helps you replace old 
equipment, add new, out of 
income. Which often means it 
pays for itself out of increased 
profits. 

A nice businesslike way to do 
business. 

If you think UDT could help 
you, get in touch with the 
Manager of your nearest UDT 
office—the address is in your 
local directory. 


PSS Pea? 


ey SE 
a oe be 


— 


arte 


United Dominions Trust 
(Commercial) Limited 


United Dominions House, 
Eastcheap, London EC3 


RE 
= 


RAM Se BE TT TL TL ae 
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aa 
A od Conforming to Sections B & C of Specification EL1930, M.O.S. (Air) 


Siemens Ediswan PTFE insulated instrument wire, developed for certain highly 
specialised services, has a wide potential field of application in modern 
electronic engineering. The physical and electrical properties of PTFE make it the 
best material available wherever the emphasis is on performance 
and complete stability. In brief, PTFE has these advantages : 

w Stable at all temperatures from -75°C to +250°C 

w High dielectric strength 

ws Low dielectric constant 

ws High resistance to corrosives and solvents 

es Non-chafing and self-lubricating 

ws Available in 11 colours 

ws Non-adhesive 
PTFE is extremely difficult to form, but we have considerable pioneering 
experience in its processing and fabrication. As a result we are able to produce 
PTFE insulation by extrusion with concentricity guaranteed to close limits. 
We are anxious to extend the uses of this wire and will gladly supply 
interested manufacturers with samples for them to test. If we can help you with 
information on the use of PTFE in any shape or form, please let us know. 


Send your enquiry to: 


Associated Electrical industries Ltd 
Radio and Electronic Components Division 
PD 17, 155 Charing Cross Road, London, W.C.2 


Tel: GERrard 8660. Telegrams: Sieswan Westcent London 
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LUNRAC 


from 


LUNDS 


of Wandsworth 


The recently introduced standard rack from Lunds of 
Wandsworth is already making a name for itself. 
The Lunrac is sturdy, well designed, and easily 
adaptable to suit varying conditions and specifications. 
Note these Lunrac features : 
ary Rac yo from Be Price £38 10 0. 
ad steel sections 
Simhea in ov in silver grey oe Facilities for floor mounting or 
stoving enamel. on castors. 


* amy § Ay panel mountings @ Single or multi-bay assemblies. 


* at haa Suan S hinged @ Racks can be dust proofed, force 


ventilated or sound deadened. 


of 18 G, tall Prrcher details on application tothe address 











OF WANDSWORTH 


Bendon Valley, London, $.W.18 Telephone : VANdyke 7676 
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jHariaid 


are making 


under licence 
the famous 
AMERICAN 


INTERNATIONAL T.IR. SERIES WHICH ARE 
ALREADY BEING USED IN VAST QUANTITIES 
IN AMERICA AND OTHER COUNTRIES 


1-E-R-C 
HEAT 
DISSIPATING 


VALVE SHIELDS 


International T.R. Series Shields reduce 


bare-bulb temperatures by 15% to 25% 


International T.R. Series Shields 
eliminate vibration 


International T.R. Series Shields fit 
standard sockets 


International 
T.R. Series 
shields are 
available in 
various sizes 


Full technical information 
is available on request 


Joint service numbers 
have been allocated 


ce ARRARD S 


ENGINEERING AND MANUFACTURING CO. LTD. 
Special Products Division 


23 Westminster Palace Gdns, Artillery Row, London, S.W.1 
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100 kc/s to 100 Mc's 
ON FUNDAMENTALS 
(Amplitude Modulated) 





type E2 


SIGNAL GENERATOR 








— to be sure! 


The introduction of the Type “E” Series in 1946 set an 
entirely new standard in Signal Generators for the Service 
Engineer. To-day, over 10,000 models are being used 
throughout the world—from Antarctica to the Tropics. 


Among this instrument’s outstanding features are:- 


Wide Frequency Range 100kc/s to 100Mc/s 
Exceptionally low leakage . . . less than 3uV. at 100 Mc/s 


P34 Reliable Attenuator . . . . Output variable over 100 dB 
NETT PRICE IN U.K. 
from IuV. to 100mvV. 


Force Output providing | volt at all frequencies. 


Full technical details in Leaflet No. 42 





Advance COMPONENTS LIMITED 
— CED 


ROEBUCK ROAD * HAINAULT ° ILFORD + ESSEX * TELEPHONE : HAINAULT 4444 
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What wey Engin 


Mid 


KPOOW veo 


ERSIN MULTICORE 5-CORE SOLDER 


The A.1.D. approved type 362 flux, incorporated 

in Ersin Multicore 5-Core Solder, is very effective 

on heavily oxidised surfaces and often allows the 

use of a lower tin content alloy. Ersin Multicore 

§-Core Solder is supplied on 7 Ib. reels in 

9 standard gauges and 6 —, Even gau 
ie in 


from 24-34 8.w.g. are availab 


2 alloys 


1 Ib. and 4 Ib. reels. 





CONSTITUTION OF 
ALLOYS OF ERSIN 


MULTICORE solder 


a] 


ges 
on 


PERCENTAGE OF LEAD (meirinc rows oF uta 327°C) 
of ” “ae 


MULTICORE SOLDER *" 


The diagram shows 


that all the standard %° \s) 


alloys of Ersin Multi- 
core Solder have a 
— range, i.¢., on 

eating they are pasty 
between the solid and 
liquid states. Practical 
experience has shown 
that there are advan- 
tages in having a 
plastic range, ¢.g. for 
tag jointing where the 
use of 60/40 alloy 
obviates fractures 





PRINTED CIRCUITS 


Leaflet P.C.L. ror gives full details 
of a complete soldering process 
developed by Multicore Laboratories 
for printed circuits. 








o ti] ae oa rr) 00 

PERCENTAGE OF TIN (mecrinc rowr oF Tin 2 
which may occur with other alloys where 
there is slight vibration while the solder 
is setting solid. 


100 
329 


MULTICORE SOLDERS LTD., MULTICORE WORKS, HEMEL HEMPSTEAD. HERTS. 


Tel: Bexmoor 3636 (4 liaes). 


Grams and Cabies: Multicore Kemps 


tead. 


SAVBIT TYPE 1 ALLOY Made under sole 
British Licence of Patent No. 721,881. 
Savbit Type 1 alloy was developed after 
extensive research in the Multicore 
Laboratories into the main causes of bit 
wear. It incorporates a small percentage 
of copper which prevents absorption of 
copper from the bit into the solder alloy. 
After | ge per tests, it was found that 
the life of solder bits was increased by 
up to 10 times. The speed of soldering 
is not affected. 


SPECIAL ALLOYS 


4 special alloys can be supplied for 
particular purposes: 
Comsol with a high melting point of 


296°C. 

T.L.C. alloy with a melting point of 
145°C is made from tin, lead and 
cadmium. 

P.T. (Pure Tin) alloy, with a melting 
point of 232°C, is lead-free. 

L.M.P. alloy, with 2%, silver content, 
which melts at 179°C for silver- 
coated components. 


PUBLICATIONS 


Laboratory engineers and technicians 
are invited to writeontheircompany’s 
letter-heading for the latest edition 
of Modern Solders. It contains data 
on melting points, gauges, alloys, etc. 











ask 


i 


INSTRUMENT CENTRE 
20 QUEEN ANNE STREET - LONDON W.1 
Telephone: IMPerial 6000 Press Enquiries: LANgham 4251 


% Electronic and nuclear instruments 

%* Navigational and survey equipment 

%* Optical and ophthalmic instruments 

% Laboratory, medical and X-ray apparatus 

* Instruments for process control and automation 
% Kinematograph and allied instruments 


* All industrial instrumentation 


Space donated by ; 


MORGAN CRUCIBLE LIMITED 


Manufacturers of ultra high ohmic resistors for radiation detection instruments. 
H ’ 
THE SCIENTIFIC INSTRUMENT MANUFACTURERS’ ASSOCIATION 
EE 18 139 for further details 
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Elliott Brothers 


un AAA P” 


Patchcord Programming System 
and Taper Technique 


Rear view showing harness employing 
Taper Pin Connection 
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“FIMAC” Computer at present in 
use in the Aviation Division of 
Elliott Brothers (London) 
Limited, Boreham Wood 


Front view of Programme Boards. 


Photographs by courtesy of 
Panellit Ltd., Member of the 
Elliott Automation Group. 


WRITE NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 
AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 


Head Office: Dept. 14, Amplo House, 87/89 Saffron Hill, London, E.C.1. Tel : CHAncery 2902 (7 lines). 


Works : SCOTTISH INDUSTRIAL ESTATES, PORT GLASGOW, SCOTLAND 
TRADE MARK Trade Mark AMP Incorporated U.S.A 
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Is this your kind of problem? ‘\ f\x N= td 


x.Y 
Hall Multipliers satisfy 10° = Z volts 


Blackburn Electronics Ltd. have evolved simple and robust 
Hall-effect multipliers embodying indium-arsenide crystals, 
with transistorised drift-corrected output amplifiers 
giving + 10 volts. Two models are available: 
BIE 291 accepts input signals of + 100 volts peak-to-peak for 
computer use, or 40 millivolts peak-to-peak for instrumentation 
purposes. 
BIE 292 is similar but has greater accuracy. 


Impedance at the input terminals is 1 megohm, or 20 kilohms 
depending on the input voltage. The output amplifiers of both 
models are capable of driving 100-kilohm loads without clipping or 
non-linearity. Drift at the output never exceeds 10 millivolt, Band- 
width extends from DC to 100 c/s 


Over-all accuracy and linearity of BIE 291 is better than 
+ 0-3°%, of full scale. 


Over-all accuracy and linearity of BIE 292 is better than 
+ 0-1°%,, of full scale. 


Power units producing the + 24 volts DC/-12 volts DC required for these BE Hall 
multipliers, and capable of driving up to four of either model, are also available from 


BLACKBURN ELECTRONICS LIMITED 
BROUGH, YORKSHIRE. TELEPHONE: BROUGH 121 

















Example of Novotechnik 


10-turn Potentiometer ‘ ‘ FIRST IN GREAT BRITAIN 


with Dial 





10-TURN DIGITAL DIALS 


(3-turn and 15-turn also avai!able) 














Available 


esovurion 10-TURN POTENTIOMETERS 


’ Both Dials and Potentiometers are supplied separately or 
together as required. Full details from separate leaflet. 


DIAL is light-weight 3-digit unit, with last digit sub-divided into 4 

divisions. Locking device is provided. Fits all } inch shafts, 

é.g., potentiometers. 
10-TURN POTS have resolution down to INFINITY, LINEARITY = 0.15°, standard, 
but down to 0.02% to pager Mounting as size—|5 Synchro, or standard bush fit. 
Resistances: 50, 102, 250, 1002, 5002, Ik, 5kQ, 10k, 30k, 50k2 and 100k2. 
Terminals: Separate terminals connect to winding, case, and to winding mandrel. All-metal 
case, single-gang or multi-gang, or in one case with size 15 motor, complete with slipping clutch 
for servo-pot applications. Send for full data. 


KYNMORE ENGINEERING CO LTD. 9 buckincHam st., Lonpon, w.c.2 


Telegrams and Cables KYNMORE LONDON _ Telephone: TRAfalgar 2371 (3 lines) 
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A COMPREHENSIVE RANGE OF 


Miniature’ Instruments 


% DESIGNED TO HARMONISE WITH 
ALL MODERN ELECTRONIC EQUIPMENT 


© Nin +c FIXINGS CONFORM TO ACCEPTED PRACTICE 
\iit "Ny 
“nS fc PRICES ARE WIGHLY COMPETITIVE 


For utmost reliability all ‘ENGLisH Evectric’ miniature 
instruments have been designed with a higher-than-normal 
torque/weight ratio in combination with lower power 
consumption. All types have been successfully subjected 
to the following tests: 


RESISTANCE TO IMPACT SHOCK OF 200g 
in any plane. 


VIBRATION FATIGUE TEST—two million cycles at 
peak resonant frequency. 
OSCILLATORY TEST—up to one million operations. 


Above: 2” square moving coil voltmeter 20 30 
Mi 4 
\ gyn “Winy? 


\\ 
® “Wy 
“50 
“fo 


SPECIFICATIONS B.S. 89-1954 and other international 


~ 
standard specifications, or B.S. 2011/H3 if required. 
vm m 
<a 


Moving coil for D.C. applications. 
Rectifier moving coil for 

A.F. applications. 

Thermo-couple operated moving 
coil for R.F. applications. 


ne 100) Ry Ad 
Square: 2”, 24” and 34” nominal RS ! Ny 

\S Vp, % 
scale length. AY Z 
Round: 24” and 34” nominal \ 
scale length. 
Rectangular: 5”x 6” or 3”x 4” 
nominal case size. 


Above: 3” x 4” moving coil milliammeter 


Left: 24” round moving coil microammeter 


r 3 . Over § g p ange ¢ 3 py 
Design registrations pending. pose fn indard ranges in any of the seven 
Delivery ex stock for standard ranges. 
Non-standard ranges to customer's speci- 
fication within 21 days. 


Literature available on request to The ENGLISH ELECTRIC Company Ltd., Instrument Department, Stafford. 
TONATION DIDOnpDIn 
1 HIE 
LVUbLE 4 | 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 
Meter, Relay and Instrument Division, Stafford 
WORKS: STAFFORD . PRESTON . RUGBY . BRADFORD . LIVERPOOL! . ACCRINGTON 


INS.43B 
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Mullard Allo 


brings you high frequency 
at economic prices 


The need for the new technique 


Demands for devices which will operate at higher and higher fre- 
quencies have been made ever since the transistor was first intro- 
duced. 

So far as the normal p-n-p germanium alloy transistor is concerned, 
the OC44 with its average frequency cut-off of 15 Mc/s probably 
represents the upper limit of frequency attainable in quantity pro- 
duction. A major factor limiting the high frequency performance is 
the transit time of the minority carriers between the emitter and 
collector junctions. It is possible, by adding an “accelerating” or 
“drift” field to the OC44, to increase its high frequency performance 
by a factor of about 2 or 3, but the thickness of the base layer pre- 
vents a more fundamental reduction in transit time. 

Using the alloy diffusion technique it is possible to make, on a large 
scale, transistors with a base of only a few microns thickness and 
with a correspondingly high frequency performance. The diffusion 
produces a drift field which also contributes to the favourable high 
frequency characteristics. 


The new technique in practice 


The alloy diffused transistor is built up on a wafer of p-type 
germanium which forms the collector. Two metal pellets for the base 
(B) and emitter (E) are placed close together on one side of the wafer. 
Pellet B contains only n-type impurities, while pellet E contains 


both n and p types. 
Pellet with both 
p- and n-type impurities 
to form emitter and base 


Pellet with n-type impurities 
only. to form ohmic contact 
with n-layer (base) which ts 
made to extend from junction 


2 i ee Oe 


Collector material (p-type) 














Basic components of alloy diffused transistor 
before heating (wor TO SCALE) 


Emitter lead Base lead 


p-type recrystal 
lised layer 


n-type recrystal- 
lised layer 


collector 





L collector lead 





Sim plified transistor assembly after alloying and etching 
wor CALE 
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When this assembly is heated to an appropriate temperature in a 
gaseous atmosphere, germanium dissolves into the metal pellets 
until saturation is reached. 
If the temperature is maintained, the impurities in the pellets B and E 
diffuse into the germanium wafer. 
However, the p-type impurities in pellet E diffuse very slowly and 
they penetrate only a negligible distance into the wafer. 

Density of Impurities 


A 
P-Type Density 


“a 


Distribution of impurities 
through the transistor N-Type Density 
assembly and the 

graded concentration which “a Original P-Type 
forms the “drift” or Density of 
“accelerating” field Collector Material 


in the base ti 


Distance 
| from 
», Emitter 
Pp 1 N Pp ™ Pellet 
(Region in 1 (Region i (Region in 
which p-type | which n-type which p-type 


impurities | 'Mpurities mpurities 
predominate) 4 predominate)| predominate) 


EMITTER | BASE COLLECTOR 











On the other hand, the n-type impurities in both pellets E and B 
have a fast speed of diffusion. These penetrate the wafer and form 
an n-type layer, and since diffusion also takes place via the gaseous 
atmosphere the layer extends to the exposed surface of the ger- 
manium between the two pellets. 

The diffused n layer forms the base of the transistor, which by 
specialised manufacturing techniques can be controlled to a thick- 
ness of only 5 microns. The concentration of impurities in this layer 
is graduated between the emitter and collector junctions, and it is 
this gradient that produces the “accelerating” field. 

When the assembly is cooled, a layer of germanium recrystallises 
from the pellets as with normal alloy techniques. 

The recrystallised layer beneath pellet E is p-type as the p-type 
element chosen has a greater solubility in the recrystallised ger- 
manium than the n-type impurity which is also present in this pellet. 
The p-type materia! forms a p-n-p junction with the diffused 
n-type layer and the original p-type collector wafer. 

The recrystallised layer under pellet B is n-type, and forms an n-n 
(non-rectifying) junction with the n-type base layer which extends 
from the p-n-p junction between emitter and collector. Pellet B is 
thus used for making the ohmic contact to the extremely thin base. 
After etching away the base layer where it is not part of the junction 
and where it does not form the ohmic contact with the base pellet, 
the assembly is ready fcr final processing and encapsulation. 
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iffusion Technique 
transistors 


One of the most important recent advances in transistor technology 
is the alloy diffusion technique used by Mullard. This technique not only provides 
transistors with uniform high frequency characteristics—it provides 


a method of producing transistors at prices economic to the user. 


Abridged Data N FW 


P-N-P Germanium alloy diffused transistor 
suitable for use as mixer-oscillator in short 


wave receivers and as i.f. amplifier in f.m. 
and a.m./f.m. receivers. Mulla rd 


a high frequency 


We a cnedinasasddsscatiammeenasied —20 V 


Typical Operating Conditions 


range 


Ideal unilateralised power gain at 


MULLARD LIMITED - SEMICONDUCTOR DIVISION _ Mullard 


a, 
MULLARD HOUSE - TORRINGTON PLACE - LONDON - W.C.1 [Mullard] 
YA 
TELEPHONE: LANGHAM 6633 semiconductor 


division 





PMs it 
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AMPEX FR-100B magnetic recorders 
for business, industry and science 





COACECEH 


AIR HYDRAULIC 
UNIT DRILL HEAD SERIES 1 
OVERALL WIDTH (with cover) onty 4i6 


Specially designed for light, high—precision work. 
Specification includes the following features .... 


% 4 SPINDLE SPEEDS—MAXIMUM 10,000 R.P.M. 
x INFINITELY VARIABLE FAST APPROACH AND FEED. 


% RAPID OPERATION—FAST APPROACH AND 
RETURN AT RATE OF 12” PER SECOND. 


5h , te VERY LOW AIR CONSUMPTION. 
Wine we cover pemmved. 7 a % DRILLING CAPACITY— 4” IN ALUMINIUM, 4” IN 
STEEL. 


Write for full particulars to the Manufacturers 


W. J. MEDDINGS LTD. 


IPSWICH ROAD, TRADING ESTATE, SLOUGH, BUCKS. TELEPHONE: SLOUGH 22396 
EE 18 147 for further details 
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We have reduced the prices of 

our Micro-alloy Diffused-base (MADT) 
and Medium-speed Switching (MSS) 
Transistor families by more than 

one third. 

Write for a price list and see how 

the new figures can benefit 


your current design work. 


Quantity production of these two 
families will begin at Swindon shortly. 














Semiconductors limited 


CHENEY MANOR - SWINDON -: WILTSHIRE 


Telephone: Swindon 6421 
$C23 
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SILICON RECTIFIERS 


250 ma 
at 


16000 Volts PIV 


lor more complete technical information send for Bulletins 
SR-227 and SR-225-B 


This new series of high voltage silicon rectifiers are 
hermetically sealed within a ceramic housing and have been 
designed to meet rigid specifications including an 

operating temperature of — 55°C to 150°C. 

They have wide application to radar power supplies, 
missile instrumentation and industrial uses such as 


electrostatic plant. 


Prototype quantities available immediately. 


INTERNATIONAL RECTIFIER COMPANY 
(Great Britain) Limited 


Hurst Green - Oxted - Surrey 
Telephone: Oxted 3215 
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-. + @very time this happens 
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Readymade self-anchoring female threads inserted at high speed in light alloy 
materials and plastics.—This is the simple process that is revolutionising costings 
for the secure fastening of non-structural parts. 

Heli-Coil Push Type Inserts are metal screw thread inserts that eliminate tapping, 
solid bushing and the wastage ordinarily involved in working on materials with 
poor screw thread properties. When the Heli-Coil Insert is used rejects on the 
assembly line because of faulty threads are something quite unknown. 

The Heli-Coil Push Type Insert can be hopper fed and power inserted into the 





component after moulding, permitting a fast moulding operation. It is a necessity 
for the automation production line layout. Installation tooling can be had on 
purchase or rental. May we make an investigation for you? 


On request—more details in Sales Leaflet APL. 40/4. 


Push Type Inserts 
The thread you push in 


low cost secure fastening for non-structural 
parts... . perfect for the automation 
production line layout 


* HELI-COIL is a registered trade mark 


ARMSTRONG PATENTS CO. LTD. EASTGATE, BEVERLEY, YORKSHIRE. Tel: Beverley 82212 (6 lines) 
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SOLDERING EQUIPMENT 


(INustrated) 
fx” DETACHABLE 
BIT MODEL 
(List No. 64) 


PROTECTIVE 
SHIELD 
(List No. 68) 


Supplied for all Voltages. Designed for Factory Bench Line Assembly 
Radio, T.V., Deaf Aid, etc. 


Write for Catalogues 


Manufacturers 


ADCOLA PRODUCTS LTD., 
GAUDEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4 


EE 18 152 for further details 


MILTOID SALES 


DIVISION 
BX PLASTICS LTD. 


A Subsidiary of the British Xylonite Co. Led. 














STOCKISTS OF 


BX 
POLYSTYRENE 


Clear Crystal, Standard Commercial Quality 


A first-class rigid insulating material, supplied 
ex stock in sheets and rods in a range of 
thicknesses and diameters. 


Information and guidance on manipulation, 
machining and cementing available on request. 


34-36 Royal College Street, London, N.W.1. 
*Phone: EUSton 4146/7. *Grams: Celudol Norwest London 














T.A.7853 





AUTOMAT. 


TRANSFORMERS 


& 
~ RECTIFIERS 


7% 


<<) 
D.C. | 
EQUIPMENT 


She best Yo U COM buy! 





Telephone: MACoulay 3/01 & 4272 Telegrams: Soljoint, London 


ELECTRONIC ENGINEERING 


AUTOMAT - MOORSIDE RD - SWINTON - MANCHESTER 
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SIEMENS 


\ 
\ 
‘ ins 
\\ 


last! 


Afifs2-10° 


Faster and More Accurate ia 


Measurements 


using 
Carrier-Frequency Level Measuring Equipment 3D335/W518 


10 kc/s to 15 Mc/s —100 dBm to + 30 dBm 


for co-axial and broad-band radio link systems. 
—- multi-channel telephone and television programme exchange — 


Crystal-controlled electronic frequency lock-in system 

gives frequency accuracy of S$ 2x 10° on oscillator and detector 
Coarse and fine frequency control of level meter automatically 
tuned from the level oscillator 

Provision for electronic sweeping 


Noise-leve! measurements 


Level Oscillator 3W 518 Selective Level Meter 3 D 335 


Frequency range onone scale ... .10kc/sto15 Mc/s Tuning continuously variable or in locked-in 
continuously variable or in locked-in 100 kc’s steps steps, internally or externally . . 10 kc/s to 16.8 Mc/s 


Additional fine control. ....... 0 to 100 kc/s Additional fine tuning, internally or 
OXOOINONY . 0 5 ot ws sw 0s ee ee ee 


Measuring range. . . . . . —100dBmto + 30 dBm 
Pass-band, switchable . = channel width or = 100 c/s 


Sending level continuously variable —60 dBm to + 10 dBm 





Test Gear combinations also available 
for other measurements and frequency ranges 


S'TEMENS @ HALS KE AKTIENGESELLS CHAP T 
MUNCHEN~+ BERLIN 
Authorised U.K. Agents 


R.H. COLE (OVERSEAS) LTD. 


2, Caxton Street, Westminster, London, S.W.1 - Telephone: ABBey 3061 « Telex: 23864 


Wy 119 € 
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PORTABLE 400cps 


sets 


by WALTER JONES 


input either direct current or 3 phase a.c. 50 cps. Output 400 cps single or 


three phase in ratings of 100 to 2.5 KW., I or t tic voltage 


regulation, with mounting and 


requirements. 

Servo Motors: 
Frequency changers: 
Rotary Transformers: 
Tape recorder motors: 
High-speed motors: 
Synchronous motors: 
Single and polyphase induction 
motors: 
Geared motors and gear units: 
Power and audible frequency 
alternators: 
Motor-driven geared interrupters 
for the sending of complex 

repeating pulse trains: 





instrumentation to suit customers 


Converters and Invertors: 
Permanent-magnet and Electro- 
magnet d.c. motors, d.c. generators 
and alternators: 

Fan blower motors: 

Hand generators: 

Tachometer generators: 

Speed governors and accurate 
governor-controlled machines: 
Speed and frequency error 
correctors: 

Special research and laboratory 
equipment. 





WALTER JONES 
& CO (engineers) LTD 


NEWLANDS PARK, SYDENHAM, LONDON, S.E.26. Telephone No. SYDenham 6264-5-6 











The 


Flamemaster 
hand torch 


# FLAMEMASTER is a registered trade name of STONE-CHANCE Ltd 


Tne Stone-Chance FLAMEMASTER Is now distributed only by 


Buck and Hickman Ltd. 


This famous little tool remains unchanged in design and is 
invaluable for all glass working, metal brazing and soldering. It is 
made and will continue to be made by Stone-Chance, but your 
enquiries and orders should now be addressed to :— 


BUCK & 


HICKMAN LTD. 


2 Whitechapel Road, London, E.1 
also at Birmingham, Bristol, Glasgow, Leeds and Manchester 


Stone-Chance Ltd., 28 St. James's Square, London, S.W.1 
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this is the 


SUN VIC 
POTENTIOMETRIC 


RECORDER 


0 OD 


Have it single trace... or two...or four...or eight... or sixteen trace 


eR Oe OR ER OR OR OR OR OR OR ok ee 


Thirteen different input units and three different chart-drive gearboxes 


GIVING YOU A CHOICE OF 195 VARIATIONS PLUS... 


. additional facilities such as alarm and control 
contacts, solenoid pens, retransmitting slidewire, 
digitiser and fast/slow speed recording timer. 
Sunvic High Speed Potentiometric Recorders have 
been designed for accurate measurement in labora- 
tories and research departments, but are of such 
robust construction as to be equally suited to in- 
dustrial conditions. Recorders are normally supplied 
with 


a constant-current supply unit which has 


an accuracy of +0.1°% over a 1,000 hour period. 


Instruments can be supplied with a speed of response 
of 1 second, a guaranteed calibration accuracy of 
+ 0.5% f.s.d. and—for high impedance instru- 
ments—a sensitivity of + 0.25% at 10M ohms with 
a scale span of 15mV. Full details in Technical 
Publication 2042. 


eeeeseeoeeoeeoe eee eeeeeeaeeeeeeeaneee 


SUNVIC CONTROLS &.TDYD 


P.O. BOX 1, HARLOW, ESSEX Tel: Harlow 2527 


Control and research equipment for seronce aud industry 


Y 
ISUNVIC 
= ae 


An A.E.1 Company 


SCB6 
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WIDE BAND SINGLE ENDED D.C. AMPLIFIERS 


AMPLIFY DATA SIGNALS 
FROM D.C. TO 10 KC/S. 


HAUTE TUALHYAT HARARE AAAS 





PRATT SERTEET ALA UAE PULA TRAD TT TAA ED REEDED 


@ Input impedance 2 Megohms. @ 10 Kc/s 
Bandwidth. & Sensitivity 2.5 to 250 mA/V 
+120 mV input gives + 30 mA into 75 
ohms. & Gain adjustable in four steps of 
10 db each with continuous 10 db Variation 
of each step. & Hum level—so db. 
& Linearity within 2°. @ Integral power 
supply permits individual amplifiers to 
function at different D.C. levels. &@ Needs 
only 5|" rack space, & Metered Zero set. 





The D.C. Amplifier Type LE. 490 is primarily 
intended as a driving medium for high frequency 
mirror galvanometers of a type encountered in 
current telemetry practice. It 1s, however, suited 
a number of varied applications ‘eng Ae : , 
PC. Amliher a, Wah soe smbeaanct, wide = Multi-Channel Assembly Type LE 491 

Comprising 8 Amplifiers Type LE 490 


Write for detailed leaflet:- 


Hatfield instruments Ltd. Crawley Road, Horsham, Sussex. Horsham 3232/5 


This is it! 








plating of printed 
circuits 

bright silver 
plating 

hard gold plating 


TELEPHONE-COV: T3159 


ating 


through 


AT LAST, a sensible Diode Tester at a sensible price, small 

yet robust and packed with practical ideas. 

# Will test all semi-conductor diodes, including Zener 

= == = ft 
—= 


— 


# The diode, once connected, need not be touched until 
its complete characteristics have been taken. 
D.C. RANGES COVERED : 
Current : 5 amps to 50 micro-amps full scale. Voltage: 
3 volts to 1200 volts full scale. Full scale indicator lamps ' 


reduce reading errors, give increased safety. 
Both voltage and current ranges can be tailored to 
individual requirements. PRECIOUS METAL DEPOSITORS LTD. 


"Phone Walton 21302/3 or write for full specifications to HEARSALL LANE, COVENTRY. .. 
R. E. THOMPSON & GO (Instruments) LTD 


MERSHAM TRADING ESTATE * WALTON-ON-THAMES - SURREY 
EE 18 159 for further details EE 18 160 for further details 
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S-BAND 
SPECTRUM ANALYSER 


Frequency Range 2640/3200 
Mc/s. 





Absolute Frequency Measure- {7 
M 


ment 1.5 Mc/s. 

Relative Frequency Measure- 
ment 50 Ke/s. 

Sensitivity minus 85db 
relative to |!mW at the input. 


DOC/AC VALVE 
VOLTMETER 


Ranges : 

Range in balanced D.C. 

position (centre zero) : 

+2.5V., + 7.5V., + 25V., 

+ 75V., 250V., + 750V 

Range in plus or minus D.C. 

position (left-hand zero) : 

SV., ISV., SOV., 150V., iSOOV., 

Range in A.C. position : 5V., I5V., SOV., ISOV. Accuracy 3%. 


TRANSIENT 
OSCILLOGRAPH 
Description 
The Impulse 
Oscillograph has been 
designed particularly 
for the observation and 
recording of waveforms 
occurring in high 
voltage testing of 
cables. The main aim 
was to give a simple 
and reliable operation 
in production testing, together with a very much higher accuracy than 
normally encountered in the oscillograph type of instrument. 


BECKMAN HELIPOTS 


An extensive range of Helical potentiometers 
is available under the Beckman Registered 
name of “HELIPOT”. Illustrated here is the 
popular ‘A’ Series 10 Turn Helipot. Other 
versions available in |, 3, 15, 25, and 40 Turns. 
Full Range of Turns Counting Dials. 


The practical application of imaginative 
thinking, based on tested principles has 
produced, in Winston Electronic Equip- 
ment, a range of instruments that matches 
the rapid advance of industrial methods. 


SUB-CONTRACT. Full sub-contract facilities for the 
development and manufacture of Electronic Equipment 
and Sheet Metal Work. Coil Winding Facilities. A.1.D. and 
A.R.B. Approved. 

Write for full particulars of facilities available and catalogue 
of Instruments and Electronics. 
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DECADE 
CAPACITOR BOXES 
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SPECIFICATION 


a 
Zero Capacitance 
Accuracy .. . 
Maximum Voltage 
Terminals 
Mounting 

Finish 


IN ADDITION TO THE ITEMS FEATURED HERE THE 
WINSTON RANGE OF ELECTRONIC EQUIPMENT 


INCLUDES :— 


Semi Decade Oscillator 
Resistor Boxes 

“X” Band Spectrum Analyser 
“L” Band Spectrum Analyser 
“L” Band Signal Generator 
Temperature Controller 
Transistor Curve Tracer 


PRICE £11-11-0 


Blue hammertone case. Black 
and silver photoetched panel. 


001 mfd to I.11 mfd. 
50 pf. 

co Fee 

. 750V D.C. 

: Screw Type 

Metal case and panel 


Beckman/Berkeley Range 
Dials 

Shockley Diodes 
Sub-Contract Facilities 
Sheet Metal Work 
Standard Metal Cases 


ELECTRONICS LIMITED 





INSTRUMENTS — COMPONENTS — PRODUCTION FACILITIES 
GOVETT AVENUE - SHEPPERTON - MIDDLESEX 
Telephone : Walton-on-Thames 26321 /5 
Telegrams : Winston, Shepperton 
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“=hpst ‘neatly solved 


Messrs. X. wanted this special type 
of transformer. .. with the help of a 
Fortiphone specification sheet (on the 
left), and our vast experience, his 
exact requirement was provided in 
only a few days. 


Enquiries to: 


ORTIPHOWNE 10 


TRANSFORMER DIVISION, (Dept. 2) 


92 MIDDLESEX STREET, LONDON E.| 
Bishopsgate 0871 


*VISIT OUR RETAIL SALES COUNTER AT 92 MIDDLESEX STREET 
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MOULDED TERMINAL STRIPS 


Moulded in Black Phenolic material, these Terminal Strips are 
available as single units with either screw or solder tag con- 
nections, with provision made for building up into units as 
shown in the illustration. Each strip has a 10-way capacity 
with silver-plated replaceable tags, connection-head screws, and 
captive nuts and with centre designation strip for easy marking. 


Size: Length 44” width (with screws) 1° depth ¥’. 
Enquiries to: 
AUTOPHONE LIMITED 


539/547, Wandsworth Road, London, S.W.8 
EE 18 163 for further details 
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1, Hopton Parade ,Streatham High Road, London, S.W.16. Streatham 6165 
Technical Dept: i i 





There is certain to be 


SOMETHING OF INTEREST! 


to you among the following items from our stocks. 


SELSYNS for remote torque transmission 

MAGSLIPS for remote indication, power control and computers 
IPOTS for electrical computers. 

SINE COSINE POTENTIOMETERS AND RESOLVERS for 
electrical resolution 


VELODYNE MOTOR GENERATORS for servo control 
SERVO MOTORS AND AMPLIFIERS 

BALL AND PLATE UNITS for integration and variable speed drives 
AMPLIDYNES AND METADYNES for remote contro! 
MAINS/BATTERY (12v) SUPPLY UNITS for mobile equipment 


Serve and Electronic Sales Ltd. 


43, High Street, Orpington, Kent. Orpington 31066 
WRITE FOR DATA SHEETS TO-DAY! 
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hotocopying 


equipment that 
COPIES ANYTHING 
QUICKLY & SIMPLY 


Only CONTOURA has the flexible 
translucent air-cushion, the key to 
copying bound pages both flat and 
curved. Portable and inexpensive, 
too. Ideal for libraries, research 
depts., labs., and mixed office 
copying. Quarto, Foolscap and 
Double-Foolscap sizes; complete 
Foolscap Outfit only £50. Ask for 
details and demonstration. 

CONTOURA PHOTOCOPYING LTD. 
52a Cromwell Road, London, S.W.7 

(KNightsbridge 8860) 
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@ Simple fitting with 
4 Screws 


— 
er — — 
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THE NEW TUDOR 


All Steel Easy-Fit Drawer 
READY T0 FIT 


DIMENSIONS : 

Overall length of 

top slide: 25” 

Drawer sizes: 

21" long, 15” wide, 
” deep 

Tool Tray sizes: 
134° long, 9” wide, 
12° deep 





q£2.19.6 








JOHN S. 


Burnfield Road - Giffnock - Glasgow 


YOUNG & CO., 


Telephone: MERrylee 2393 (5 lines) 


BENCH 


@ Fitted Lock with 2 
Keys 

@ Tray for Small Tools 

@ Roller Slide Action 

@ Heavy Gauge Steel 


@ Olive Green 
Cellulose Finish 


CARRIAGE EXTRA 


LTD. 








YOU DESIGN 
IT 


-----+ 


WE — 


---) 


IT being a quality fabrication in 
mild or stainless steel, or light alloys. 


SPENGER & SONS 


(MARKET HARBOROUGH) LTD. 


We shall be pleased to have your enquiries. 


Control panel. Photo by 
courtesy of W. H. Alien 
Sons & Co. Ltd., Bedford. 


GREAT BOWDEN ROAD . MARKET HARBOROUGH . TEL 2651/2 
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FAST — DIRECT- READING 
MEASUREMENT OF 
COMPLEX IMPEDANCE 


OF TRANSISTORS - AERIALS - FILTERS - CABLES 


Eliminates lengthy 


and cumbersome calculations 


All measurements read direct from interchangeable charts 

A UNIQUE DEVICE specially developed for rapid, characteristic of a four-terminal network or the 
accurate impedance and admittance measurements phase angle between two voltages of unequal 
by Germany’s leading instrument-maker, the Z-g amplitude at the same frequency. 

Diagraph indicates results by the light spot projected Charts available for measurement of Reflection 
on to a Smith or similar chart. An entire broadband Coefficient, Resistance, Reactance or Magnitude and 
characteristic is presented visually in a few minutes. Phase Angle of an unknown impedance. Usable 
There is direct indication of the transmission without recalibration or reconnection. 


Write for details of this and other new instruments. 


AVELEY ELECTRIC LIMITED 


SOUTH OCKENDON, ESSEX 
U.K. Concessionaires for Rohde & Schwarz, Munich 


Telephone : South Ockendon 3444 Telegrams: Aersale, South Ockendon, 
Telex: 24120 Avelockendon. Romford, Essex. 


Type ZDU 

for 

30—300 Mc/s. 
Type ZDD 

for 

300—2400 Mc/s. 
Extended Range 
Model 

30—420 Mc/s. 


“ELEY ESS 





| We make 
components 
| of many kinds. 
Our terminal 
blocks 
provide great 


THERMAL CONVERTERS 


—call them what you will, 
these tiny tubes are in fact thermo- 
couples in Vacuo obtaining their 
energy from a heater. A thermo-couple 
is a junction between two dissimilar 
metals which, when heated, cause a 
DC voltage to flow in the couple circuit. 
By connecting the thermal converter 
to a suitable DC moving-coil meter, 
measurements can be taken in 
RMS values of current and 
voltage, either AC or DC 
or superimposed DC. 


We manufacture a wide range of Vacuo-junctions 
available as :1sulated or contact types and will 

be pleased to quote for your individual requirements. 
For our descriptive leaflet, write to:— 


DEPARTMENT VJ3 
BEST PRODUCTS LIMITED 
FELIXSTOWE - SUFFOLK 


FLEXI 


BLE 
TERMINAL 
BLOCKS 


Reed 


flexibility in 

two planes, and 

can be screwed 

to curved or 

irregular 

surfaces 

without danger 

of shattering. 

The P.V.C. 

moulding is 

easily cut 

with a knife. 

insulates and grips 
terminal screws firmly 
even if the blocks are 
mounted upside down. 


BELLING ¢ LEE LTD 


EE 18 169 for further details 
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Quartz crystals in hermetically sealed 
cases or evacuated glass envelopes for 
frequency control and filter applications. 


| gros ore; 9% op cancarsrest. sean Gil 
Buses ante 
oad 


nea ee NN Net! 


As supplied to all the major Airlines 
and Radio Manufacturers. 


ses 
? . SB Teatet yp ted eA re 
Technical service available to assist in Aga Wncsteeeteyses 


formulating design specifications to 
customers’ special requirements. 


A.LD. and A.R.B. approved. Brochure on request. 


BRUSH CRYSTAL CO. LTD. HYTHE, SOUTHAMPTON 


TELEPHONE: HYTHE (Southampton) 3031-2 CABLES: BRUDEV. HYTHE SOUTHAMPTON, 





m 


BOLTON'S 
H.C.COPPER 


STRIP, SHEET, TAPE & FOIL 


Plain and tinned; drawn, rolled, rolled and drawn, or rolled 


THOMAS BOLTON 
& SONS LTD 


and sheared. Sheets up to 10 ft. x 4 ft. in any thickness over yin. 


thinner sizes 6 ft. x 3 ft. or 4 ft. x 2 ft. 
Head Office : Mersey Copper 
Works, Widnes, Lancashire. 


Annealed strip for generator and transformer windings, etc., with 
square or rounded corners, or with rounded edges; Bolton’s specialize 
in the production, in suitable sizes, of long jointless lengths 

weighing up to 18 cwt. Hard-drawn and semi-hard-drawn strip in coils 
or in straight lengths; supplied in special tempers, to close tolerances, 


and on drums, when required. Foil down to 0.00! in. by 3 in. wide. 


FEBRUARY 1960 


Tel.: Widnes 2022. 


London Office & Export Sales 
Department ; 
168 Regent Street, W.1. 

Tel.: REGent 6427. 
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NEW 
~-BALDWIN 


miniature moving coil meters 


@ In any colour or finish 
@ Open or protected front 
@ Customer’s monogram 


Protected front model — actual size 


AMPS Self-contained, 50 micro-amps to 
10 milliamps. Higher ranges as required 
with external shunt. 


VOLTS 5 to 300 volts, 1000 ohms per volt. 
Ac or bc. External resistance. 
ACCURACY To ss89. Scale length 80°. 


MOVEMENT Particularly robust. Moving coil. Knife- 
edge pointer, zero adjuster. 
CASE Sealed, pressed steel. Open or protected 
front. Weight of movement and case 54 oz. 
Available in any colour or finish with mono- 
gram if required. 


DELIVERY 14 days. 


Instrument Division 


BALDWIN 
INDUSTRIAL CONTROLS 


Baldwin instrument Company Ltd - Dartford - Kent 
Telephone Dartford 20948 & 2641! 

Cables & Telex Baldwin Dartford 

A HARPER GROUP COMPANY 


ELECTRONIC ENGINEERING 
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Consult 


\Birch/ 


REGISTERED TRADE MARK 


for 
TOROIDAL 
RESISTORS 














Patented ceramic 
moulding with horizontal op- 
posed copper graphite internal 
brush movement. 


WINDING 
Best quality resistance 


wires to B.S.S. 115. 
WRITE FOR LIST NO. 130 





VITREOUS ENAMELLED RESISTORS 


Ferrule or wire end type: 


full range of 24 sizes—14—250 watts. List 190 


Also makers of:- 
Asbestos Woven Mats. 
Heating Elements. 
Loading Resistors. 


Birch 


| 


Motor Operated Resistors. 
Stud Type Resistors. 
Sliding Resistors. 





eaeGisraenano reaoe mane 


H. A. BIRCH & CO. LTD. 
WOOD STREET, WILLENHALL, STAFFORDSHIRE 
Telephone WILLENHALL 494 - 495 - Grams WILOHM WILLENHALL 


LONDON OFFICE: HERGA WORKS, WALLINGFORD ROAD, 
UXBRIDGE, MIDDLESEX Telephone: UXBRIDGE 521! 
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@ PULSE HEIGHT ANALYSER, Type H.S. 100 


A sophisticated instrument in the lower price range. Includes 
Scaler, Live Time Integrator and Print-Out. 


@ TWIN-CHANNEL PULSE GENERATOR Type T.P.G. 100 


@ MAGNETIC PULSE RECORDER, Type M.P.R. 103, Tran- 
sistorised. 


@ A DESIGN TEAM TO MEET YOUR OWN SPECIAL 
REQUIREMENTS. 


Enquiries to Sales Department 


MARSHALL OF CAMBRIDGE ELECTRONICS LIMITED 
THE AIRPORT, CAMBRIDGE, ENGLAND 





BE A TIE SIRT RRR 
Specialists in :- 
CADMIUM PLATING, OLIVE DRAB and other 


NON-CORROSIVE FINISHES ON:- 


* TO GOVT. AND 


ALUMINIUM AND 
seciricaions | ALUMINIUM ALLOYS 


A.I.D. & A.R.B. 


APPROVED including = 


PRESSURE & SAND CASTINGS 


RADIANT METAL FINISHING CO., LTD. 


69 FAIRFIELD ROAD, BOW, LONDON, E.3. 
Telephone: ADVance 6131/2/3 


EE 18 176 for further details 
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: CTD 
SYNTHETIC RESIN BONDED LAMINATE 








brings you 


MATERIAL SOLUTIONS 


to your 


CURRENT PROBLEMS 


. . . because the range of PIRTOID Paper and 
Fabric base laminates affords all the machining 
qualities needed with consistent uniform dielec- 
tric and mechanical strength. Read this 
booklet, sent gladly on request. 





H. CLARKE & CO. (MANCHESTER) LTD 


Atlas Works : Patricroft - Manchester 


Telephone Nos. ECCLES 530/-2-3-4-5 
dm CK4 











For the best transformers— 
and the best service— 
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THE 
“54” ee OS A Ss 
DRAWER : 
UNIT 


ALL STEEL 
Stove 
Enamelled 
DARK 
GREEN 


‘phone EL Miridce one 
‘& ] 


SIZE 
f Some | ] 42° HIGH 
36” WIDE 


Higher quality workmanship, 25 years’ 12” DEEP 
experience and a reputation for reliability— es 
these are the features of the Partridge Trans- 


former Service. A comprehensive range of 
types, mounting styles and applications is at Contains 54 of these drawers, 


your disposal, and one of our Engineers can be each 5” wide 3” high 11}” long. 
at your desk within a few hours to discuss 
requirements if you need prototypes. 54 dividers and 54 drawer cards : 
with each unit. Extra dividers 3S 
Telephone now 6d. each. 


4 Sole U.S. Rep. £ | 8 DELIVERED FREE to = 
So. vetant. ENGLAND, SCOTLAND and WALES 
‘A, roadway, 
Tel, Worth 3-405. SEND FOR SAMPLE DRAWER 





Tel. Worth 2-5485 


PARTRIDGE TRANSFORMERS LTD. N . C. B ROW N LT D ° 


ROEBUCK ROAD, CHESSINGTON EQUIPMENT WING . HEYWOOD . LANCS. 
SURREY Telephone: Heywood 69018 (6 lines) 
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USEe 


WOODS 
fans 








For their Zebra 
computer, the 
Information Process 


Division of STANDARD 





TELEPHONES & CABLES 
use Woods fans for 


cooling purposes. 








The parameters of young capacitors tend 
to be changeable. Polystyrene capacitors 
are therefore exposed to extremes of 


climate (Russian winters and New York 
summers) in rapid succession. This would 
put years on anybody's life. By the time 
a Suflex Capacitor reaches you, it has left 
the Relies of youth and seaehed muatuve FOR ELECTRONIC EQUIPMENT WOODS OFFER 
dependability: exceptionally good ‘ 

stability, high dielectric strength, low 
loss. And no middle-age spread whatso- 
ever, for the Suflex Polystyrene Capacitor 
is as small as any for a given rating. 
Altogether, a capacitor in the prime of 

life, steady and fighting fit. S 


Short casing Long casing Centrifugal fans 


Suflex Peano ome, Aerofoil fans, 25”, 3°, 42” and 
3.8”, 4.8", 6” and in 11 sizes from 7” diameter. 
8.5” diameter. 6” diameter. 
y y May we send you Specification Sheets? 
: 
Capacitors WOODS OF COLCHESTER LTD 


Braiswick Works, Colchester, Essex. Colchester 5111 











Fan manufacturers since 1909 
SUFLEX LTD. 35 Baker Street, London W.1 Telephone: WELbeck 0791 





An associate company of The General Electric Co. Ltd. of England 
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WHY PICK ON US? 


eee a2 Question with many answers 


FO R § P EC | A L | SAT | 0 N s because we do electronic assembly 


and wiring, the job for which we are amply equipped and adequately 
financed, superlatively well. 

With a skilled labour force, working in an ultra-modern factory 
ander ideal conditions, we are usually able to keep our charges 
lower than your own loaded production costs. And delivery dates 


are guaranteed. For fuller details of this unique service please 


contact Leslie D. Izzard, Planning Director. 


BROXLEA SERVICE 


ELECTRONIC MANUFACTURE, ASSEMBLY, WIRING, ETC. 


Entrance Hall to the 
Broxlea Works, 15 miles 
from central London on 
the AlO road to 
Cambridge. The Works 
are specially designed 
and laid out to handle 
work for the Electronic 
and T elecommunication 
Industry. 


Trusted by the people 
you trust 

Below are some famous names— 
firms who entrust work to 
Broxlea:— 

Bell Punch Co. Ltd. 

Bristol Aircraft Ltd. 

E. K. Cole Ltd. 

Cossor Radar & Electronics Ltd. 
Dewhurst & Partner Ltd. 

Elliott Bros. (London) Ltd. 

E.M.I. Electronics Ltd. 

Enfield Cables Ltd. 

English Electric Aviation Ltd. 
Evershed & Vignoles Ltd. 

General Electrie Co. Ltd. 

General Precision Systems Ltd.— 


Air Trainers Link Division 


International Computers and 
Tabulators Ltd. 


Marconi’s Wireless Telegraph Co. 
Ltd. 


The National Cash Register Co. Ltd. 
Plessey Co. Ltd. 

Pye Ltd. 

A. V. Roe & Co. Ltd. 

Siemens Edison-Swan Ltd. 
Standard Telephones & Cables 
Ltd. 

Telephone Manufacturing Co. Ltd. 
Texas Instruments Limited 


Tube Investments (Group 
Services) Ltd. 


Witton-James Ltd. 


you will be in good 
company if you, too, 
trust Broxlea. 


BROXLEA PRODUCTS LTD. (A.I.D. approved), BROXBOURNE,"—HERTS. Hoddesdon 4455 
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High Performance with Texas Transistors 


The Smiths 100,000 ft Altimeter introduces a radically new design which gives 
greatly increased sensitivity and accuracy. The conventional mechanical linkage from 
pressure sensitive element to presentation gearing is replaced by an electro-magnetic 
pick-off and external amplifier which supplies power to a servomotor in the altimeter. 
Transistorisation of the amplifier with Texas Silicon Transistors cuts the weight by 3 Ib 
and the bulk size by 80 per cent, and at the same time gives the equipment greater 
ruggedness. The transistors are from the Texas small signal range 2S002-5 and 28014. 
Whatever your problem there is a wide range of Texas transistors, silicon rectifiers, and 
other semiconductor devices to give you high performance in all your needs. 


STOP PRESS! semmurvrs sovan reavsirrons 


TEXAS INSTRUMENTS LIMITED 


TELEPHONE: BEDFORD 68051 DALLAS ROAD, BEDFORD CABLES: TEXINLIM, BEDFORD 











«39/2 
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a 


IDyhnbees| 


your 
starting 
point 


= aii 
RACKS 


are engineered to your requirement 


In the finest quality zinc-coated steels and finished 
in high-relief hammer stove enamel; other finishes 
available to your own particular specification. 

ee 


* Rac 


tinent 


* Ca 


a 
oa 
OR 
4 


am 
foot at front 


‘of rack. 


= 
Datum & 





OLNE-WAY TRADING —— 
BRD-BY-PASS* WATFORD - HERTS. 


Telep atférd 22351 Telegrams: Datum, Watford 


A member ot AT 


ENGINEERING 





ELECTRONIC 
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Quuké seule 


THE ROSAN PRESS NUT 


ACTUAL SIZE OF 
A 4BA, NUT. 


cheap 


Pat. App. No 
19826/57 


The Rosan Press Nut provides a quick and secure 
deep tapped hole in metal sheet or plate. It is cheaper to 
buy than other methods and much quicker, easier and 
cheaper to fix. Improve your production and your product 


with the Rosan Press Nut. Write today for samples. 


Among the many firms which are household 
words using Rosan Press Nuts are: 


Keith Blackman Ltd., Chubb & Sons Lock & Safe Co. Ltd., 
Igranic Electric Co. Ltd., Pye Telecommunications Ltd., 
Vickers-Armstrong (Engineers) Ltd., Dynatron Radio Ltd., 
Claude Lyons Ltd., Elliott Brothers (London) Ltd., Electric 
& Musical Industries Ltd., Marconi’s Wireless Telegraph 
Co. Ltd., Standard Telephones & Cables Ltd., Thorn 
Electrical Industries Ltd., Westinghouse Brake & Signal 
Co. Ltd., The Plessey Co. Ltd., The United Kingdom Atomic 
Energy Authority and many others. 


INSTRUMENT SCREW CO LTD., 


Northolt Rd., South Harrow, Mddx. Tel: BYRON 1141 
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WARNER 
FBlectric 


BRAKES & CLUTCHES 


electro-magnetic friction 
couplings for cushioned, smooth, 
instantaneous action. Control 
rotating drives—without strain: 
cycle, reverse, index—at the 
touch of a button. Automatic 
compensation for wear through- 
out long life. 


Write for descriptive Warner brochure. 


ST. HELEN’S AUCKLAND 
co. DURHAM 
Telephone: West Auckland 551/5 
Telegrams: Solenoid, West Auckland 
LONDON 
2 Ashley Place, Carlisle Place, SW1 
Telephone: VICtoria 7301/2 
BIRMINGHAM 
7 Newhall Street, Birmingham 3 
Telephone: Central 3901 
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Harry F. Atkine Cam Milling machine 
fitted with Warner S.F. 250 Clutch. 
The Elgar Machine Co. Ltd., London, 
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creatinine 
TiB 134 
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Plessey 





HYPERLYTICS 


“Mtl 
_ 


Long shelf life and a working life of 10 years are achieved in the new type of 
electrolytic capacitor developed by Plessey. 

The exacting specifications demanded for specialised electronic equipment 
have been met by using a high purity etched foil material, and combining the 
direct Plessey process control with unique manufacturing methods. 

With low leakage and high insulation characteristics, Hyperlytics can be 

supplied in a wide range of values between 0.5 and 12,000 uF. Two types are 

available, the 1000 series with a temperature range of —30°C to +85°C, and the 

11,000 series with a range of —20°C to + 50°C. 

Capacitance tolerance for both types is normally —20 to +50% but closer 


limits can be achieved to meet special requirements. 
Write for further details of these outstanding new components. 
sk High Performance Electrolytic Capacitors 


THE PLESSEY COMPANY LIMITED - CAPACITORS & RESISTORS DIVISION 
KEMBREY STREET - SWINDON - WILTS - TELEPHONE: SWINDON 6211 
Overseas Sales Organisation: Plessey International Limited ~- Ilford - Essex Telephone: Ilford 3040 
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dM 


DIMIC electrically... 



































Beetle Polyester D.M.C., the new fast-curing 

moulding compound, is especially suitable 

for moulding electrical components. It has 

excellent anti-track and electrical insulation 

properties, high mechanical strength; dimen- 

sional stability above normal for thermo- 

peg ay ee setting materials; good heat resistance. 
moulded by Aldridge Plastics Aldridge Plastics Ltd. use Beetle D.M.C. for 
nae ~ Pramcn onc — moulding several types of electrical distribu- 
poueues are shown te the tae tion gear, using conventional compression 
drawings. and transfer presses. Write for technical 


’ leaflets. 
alsa 


“,~* 
BEETLE dough moulding compound 


B.I.P. CHEMICALS LIMITED : OLDBURY : BIRMINGHAM - Phone: Broadwell! 2061 


London Office: Haymarket House, 28 Haymarket, S.W.1 - Phone: Trafalgar 3121 
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Series 314 Relay 
complies with RCS 166 


‘ 


the perfect contacts 


for systems engineers 


Series 317 
Miniature Relay 


+ 


Series 590/596 
impulse Relay 


MAGNETIC DEVICES LTD 


ELECTRONIC ENGINEERING 


AID & ARB APPROVED 


FEBRUARY 


1960 
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LOW POWER 
SILICON DIODES 


SHIA2 — SHSA2 


Up to 1:2 amperes and 500 volts p.i.v. 














Size—Body length # in. (7 mm) diameter } in. (9-5 mm) 








Maximum instantaneous forward voltage drop 
SINGLE -PHASE RESISTIVE 0-5 ampere—0°8 volt 
OR INDUCTIVE LOAD 4 
2-0 amperes— 1-06 volts 











Maximum whole cycle average forward voltage drop 
1 ampere—0°5 volt 


SINGLE -PHASE 
CAPACITANCE LOAD 








Maximum peak reverse leakage current at maximum peak 
reverse voltage | milliampere. 
Minimum and maximum storage temperature 

— 65°C and + 150°C 


The SH1A2 to SHSA2 silicon diodes are of the alloyed 
junction type, hermetically sealed within a small 
glass/metal housing. Requiring no additional cooling 
structure, the diodes may be wired directly into circuit 
and are suitable for use in low current d.c. power 
supplies, and as d.c. blocking rectifiers. 











MEAN FORWARD CURRENT - AMPERES PER DIODE 























20 40 60 80 100 120 
AMBIENT TEMPERATURE (°C) 











Miniaturised versions available soon. Please write for full details to Dept. E.E.2. 


WESTINGHOUSE BRAKE AND SIGNAL CO.,LTD. 
82 York Way, King’s Cross, London, N.1I Tel: TERminus 6432 
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SMITHS 


Magnetic Particle 


COUPLING 


Smooth as a hydraulic coupling, but without 
the drag, positive as a friction clutch but never 
needing adjustment for wear, SMITHS magnetic 
particle COUPLING provides accurate 
control of torque without complications. It acts 
as a coupling or brake in either direction 

and can be remotely controlled from 

any distance. 

If your requirements include coupling units 
with torque capacities between 1/3 and 

200 ft/Ib, let us advise you on the application 


of these units in your plant. 


' i\ \ 
\\Ii | HN S$. SMITH & SONS (ENGLAND) LIMITED 


aP9 INDUSTRIAL PRODUCTS DEPARTMENT, WITNEY, OXON. Telephone WITNEY 678 
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WIEDEMANN 


the Time and Cost Barrier.... 


Wiedemann cuts the cost of short and medium run 
piercing by as much as 8”. and does the job much 
better and much faster. No more marking out— 
No more setting up, drilling, fiycutting, chiselling 
out or finishing to size and no more costly tooling. 
Modifications or complete changes of layout made 
quickly, easily, cheaply. 


Write for Wiedemann Brochure No. EE /176 and 
study the ‘hole’ time and cost questjon—end send 
sketches of some of your jobs and ask {@ time studies. 


BRITISH WIEDEMANN TURRET PUNCH PRESSES 


RA. 41P with pantograph table and stylus for rapid 
hole location. Throat depth 28" with 16, 18 or 20 turret 
stations. 30,000 lbs. capacity. Other models—hand and 
power operated—15,000 to 160,000 lbs. punching pressure. 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Telephone: WESTERN 8077 (8 lines) Telegroms: ACCURATOOL HAMMER LONDON 


176 
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featuring 
ultra-high 

stability and 


precision 
a e % ; @ VOLTAGE RANGES— 
switching bee NEs302: s00—r1s00 volts D.C.; max. output current 


og ee) Sd od | 8 | = Lo a | ee ek 


smA. 
NEs$303: 1000—s000 volts D.C.; max. output current 
3 mA. 


@ SPECIAL PRECISION SWITCHING— 
Both units feature use of switched precision resistors 
for coarse steps of voltage adjustment, and 0.1% 
ten-turn potentiometers for fine voltage control, 
thus ensuring accurate resetting of the output voltages 
to 0.1 volts. 


@ STABILITY AGAINST FULL LOAD— 
For both units, 50 parts per million measured at full 
output voltage. 


@ STABILITY AGAINST LINE VARIATIONS OF 
+10%—For both units, +50 parts per million 
measured at full output voltage 


@ NOISE AND RIPPLE LEVELS— 


Also available, the following companion Less than 5 millivolts for any voltage setting. 


units: Non-overloading Linear Pulse 

Amplifier NEs202; Pre-amplifier and : 

Cathode Follower NEs202A;__ Single- bf: 

channel Pulse Height Selector NEs102; . . 

Scanning Scintillation Spectrometer NE N u C | e rs | r Fn t e r p ia | S e 5 (7 B.) Lt d 
8601; Ratemeter NEs4o1. Complete cet 

assembly for C14 and H3 counting NE83o01. 


BANKHEAD MEDWAY, SIGHTHILL, EDINBURGH, I!, SCOTLAND. 


(Tel.: CRA 5262). . 
GH 1407 x. Associate Company: Nuclear Enterprises Ltd., 1750 PembinaHighway, | Winnipeg 
Canada. 








oe 99 Manufacturers of all types of = 
Preh INSTRUMENT CASES 


CARBON TRACK 
ATTENUATORS 


These are characterised by robust con- 
struction and very high degrees of accuracy. 
The attenuators are of the continuously 
variable ladder style control and relatively 
small and inexpensive. Available in a wide 
range of values, two examples of which are 
detailed here. 


and CHASSIS i: ai metas 


Type e Type 
4955 ¢ 5621 


Input 75 752 
| 10 + 10° 





Input Res. Input Res 
Output +25", | + 25%, 





-s Total 11048 65dB 
= Attenuation 15 + 10° 


Sreavensy Up to 


| __range 1,000 Mc/s | 1,0 . . GENERAL SHEET METAL WORK 


Full details and terms 
gladly sent on request 


to the Sole Distributors 
for U.K. and British TO 
Commonwealth $e uc 


G. E. INDUSTRIAL SUPPLIES LTD. (ENGINEERING) ETD 
357, EUSTON ROAD, LONDON, N.W.1 eyot?"Sis; 27 PACKINGTON ROAD, SOUTH ACTON, W.3 


Telephone : Acorn | | 53-4 and at LEEDS 
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wu The NEW 
PENDEFORD MULTIMETER 


LIGHT IN WEIGHT—SIMPLE TO OPERATE— VERSATILE 

















Make checks in situ at different locations with varying problems, quickly and easily 
with this new Multimeter. Just plug-in the appropriate transducer, set the 6-position 
selector switch and read off pressure, tension, load, strain or displacement on the 

















directly calibrated scale. In addition, recording or control can be carried out and the 
instrument is provided with an electrical output for this purpose 


SPECIFICATION 

Energising supply : 5.0 v.; Max. current 200 mA ; Frequency | Kc's; 

Electrical output + 0.15 mA full scale into 1,500 ohms load ; 

Mains supply 200-250 v. 50 c/s; Dimensions 15” x 9” x 6” deep; Weight (approx.) 20 Ib 





Why not write us for full details of the new Multimeter and our new type 


transducers? All are specially designed to simplify testing. 


I 
‘ 4 | 
A SELF-CONTAINED | — 
PORTABLE SYSTEM ! ! 
OF INSTRUMENTATION 


BOULTON PAUL AIRCRAFT LTO.. WOLVERHAMPTON. 














It’s All The Same With GUYSON Shot Blast Equipment 


The above photographs by courtesy of Yorkshire Imperial Metals Ltd., and The Royal Mint respectively, illustrate 
the versatility of GUYSON Shot Blast Equipment for removing tough scale from Extrusion Dies or the delicate 
treatment of Medallions. These are examples of the service rendered to all kinds of industries by our equipment, and 
they will suggest benefits you can derive from similar installations. 


Send today for Bulletin No. 276 (C) 
REMEMBER, BUY GUYSON — IT’S GOOD 


__ GUYSON INDUSTRIAL EQUIPMENT LTD. 


“9s North Avenue, Otley, Yorks. Tel.: Otley 2456. Telegrams : “ GUYSON,” Otley. 
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A service for Designers 


The possibility of a component change—due to shortage of supplies, in- 
creased costs or failure to meet specific conditions —is a problem facing 
every designer of electronic equipment. However, one basic component can 
be ‘tailor - made’ from the start, for LAB will supply the precise type of 
Resistor required, ex stock and at the right price. Write for full technical 
data, prototype samples and price schedules to :— 




















THE RADIO RESISTOR CO. LTD., 


“~~ 50 ABBEY GARDENS, LONDON, N.W.8. 
BD Telephone : Maida Vale 0888 








CARBON WATTS OHMIC TOLERANCES 
RANGE + 


1. Solid mal 41&2 10—10M 5% & 10% 
2. Cracked ; 1/30—20 1—5SO00M 5 
3.*High Stability : 1/10—3 | 1—SOM 

. Variable } | SK—2M 

. V. High Resistance j—3 | SOM—IO"™ 

. V.H.F. (Rods & Discs) 1/10—1 | 10—IK 


WIREWOUND 
. Rheostats 4—500 10—80K 
. Vitreous 3—500 1—1SOK 
. Cemented i—I5 1—25K 











. Metal Oxide {2 100—4.2m. 





* The ubiquitous blue (1°) grey (2%) ““HISTABS"’ 
Do you KNOW TAR NAA 


THAT an instrument quality HISTAB to 
0.5°,, is available. 
“a 


THAT V.H.F. reds and discs (5) can be 3S 
supplied in matched pairs oF aesuree vent’ 











| PRECISION 

EXTERNAL & INTERNAL a , ‘ GLASS 

MICROMETERS P, f ns MOULDERS 
: p XS FOR 


H 
hein scat 25 YEARS 
GAUGES 








STANDARD 
MICROMETER HEADS 
MODIFIED AS 
REQUIRED 


SPECIAL 
MICROMETER HEADS 
MADE TO ORDER The 


ENGLISH 
GLASS CO. LTD. 


EMPIRE ROAD 
SHARDLOW MICROMETERS LTD. Lets 
P.O. BOX 52. 
PETRE STREET, SHEFFIELD, 4 


London Office:- W. J. Bithell Ltd., 41 Whitehall, London, S.W.1, 
Scottish Office:- 19 Waterloo Street, Glasgow, C.2. 
A MEMBER OF THE GAUGE AND TOOLMAKER ASSOCIATION 


Catalogue Available on Request 
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Stabilized ' 


Power Supply oes 


Soe es. ea CAT. NO. 8440 


- 


Unit 


Pye instruments 


This ‘‘power pack’’ provides highly stabilized d.c. output voltages SPECIFICATION 
within the range 0 to 500V (load 250 mA max.), a fixed negative 
supply of —250V (load 30 mA max.) and a variable negative supply 
of 0-250V (load | mA max.). Two separate a.c. supplies of 6.3V 
5A nominal are included. These output supplies are ‘‘floating’’ with @ Stabilization (+ 10% : a 

respect to Earth but an EARTH terminal is provided for earthing power supply change) £0.1'% £ 0.5% 

any point required. Designed for standard 19” rack mounting, but @ Output Resistance Less than 0.75 ohm 1 ohm (on fixed range) 


may be used on the bench. 25,000 ohms maximum 
(on variable range). 


Positive Supply Negative Supply 


e @ Ripple Less than 3mVr.m.s. Less than 1.5 mV r.m.s 


SCIENTIFIC ¢ INSTRUMENTS @ Output Impedance Less than 0.75 ohm Less than 1 ohm 


up to 50 ke/s up to 1.5 ke/s 


@ Input Voltage Ranges 110, 200, 220, 240 volts 40-60 c/s. 
7 > Tah > wr _ 2, > ; ; 2 o 
= we 7 sag Be ’ wool le ” * on this a nt and our ee st @ Alternating Voltage 
electronic instruments, ow requency osciiiators nanoamn elers . ° 
q ~ , setae enied Supplies .. Two supplies are provided of 6.3V +5% at 0-SA 


and d.c. microvoltmeters, etc. These supplies may be connected in series or 
parallel giving 


W. G. PYE & CO. LTD., GRANTA WORKS, CAMBRIDGE (i) 6.3 nominal at 0-10 A (Parallel) 
ENGLAND (ii) 12.6 V nominal at 0-5 A (Series). 
Tel: Cambridge 5441/1 (5 lines) Grams: Pye Cambridge. 


PU RYEYOUTEY 41 
AUTOMATIC VOLTAGE 
REGULATORS 














> —— + 
0 Tae 


Model shown is for the control of a 28 Volt D.C. generator PATENTS PENDING 
for use on aircraft. 





Regulation closer than = 1% between ex- 
tremes of temperature from —60°C to - 70°C 
Speed of response 50/60 milliseconds. 
For industrial purposes at normal ambient 
temperatures regulation within — 0:°5%. 
Dimensions 5” x 6” x 54” high. . 
Weight 4 Ibs. A=REFERENCE BRIDGE 
B=TRANSISTOR AMPLIFIER 


NEWTON NEWTON BROS (DERBY) LTD 


D te R ea Y ALFRETON ROAD «- DERBY 
Phone: Derby 47676 (4 lines) GRAMS: DYNAMO « DERBY 
London Office: IMPERIAL BUILDINGS, 56 KINGSWAY, W.C.2 
EE 18 202 for further details 








FEBRUARY 1960 ELECTRONIC ENGINEERING 





EE 18 203 for further details 


Mechanical Relay Latch 


FOR 
P.O. TYPE 


3000 


This  latchin device 
enables the 3000 
type relay to be held in 
the closed position when 
the coil is de-energised 
and until manually re- 
leased. 


Does not impair the 
versatility of the contact 
arrangements, nor affect 
the normal mounting 
position. 


— illustrations show 3000 Type 
Relay fitted with *‘Remote"’ 
WILL or ‘‘Local’’ release latch. 


TRIP AND 

HOLD EITHER TYPE CAN BE FITTED TO 
ON A.C. YOUR EXISTING 3000 TYPE RELAYS 
IMPULSE IN A MATTER OF MINUTES 


e Please send for illustrated leaflet. 


fack Daves (‘Tvetay4) Lid 
IEPT E TUOOR PLACE ONDON, W.!} 


HAM 4H?! 
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GRUNDY & PARTNERS LTD. 


Designers and Manufacturers 
of Electronic Equipment 


We offer you a complete service from 
Drawing Board to Finished Product. 
Quotations for Main or Sub contracts; 
quantity production or one-off jobs. 


Contractors to Government Departments. A.I.D. Approved 
Write for leaflet 
3 THE CAUSEWAY, TEDDINGTON, MIDDLESEX 


Telephone: TEDdington Lock 3402 





AP il 





/ MOULDED tite NN = 


SERVICE 


Consult us with confidence. Our 
technical staff will gladly study and advise 
on your particular requirements. 

Our inspection 6rganisation is fully 
A.1.D. and A.R.B. approved. 


THE HARBORO’ RUBBER CO.,LTD. Dainite Mills, Marke 
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t Harborough. Tel: 2274/6. 











FOR EXPERT TECHNICAL PACKING, SHIPPING, 
DOCUMENTATION AND INSURANCE, CONTACT: 


te TELEPHONE MOORGATE 9349 (2 lines) 


MERIDIA N SHIPPING & FORWARDING CO. LTD. 


3, COPTHALL BUILDINGS, LONDON, E.C.2 


WE SPECIALISE IN ELECTRONICS 


Comprehensive Service from Works to Destination 


WE COLLECT, PACK AND SHIP 











VALVE BASES (Stems) 
in Lead and Hard Glass 


VALVE SLEEVES 
QUARTZ CRYSTAL CONTAINERS 
FILAMENTS (HEATERS) (star 
We specialise in short runs to customers’ specifications 


We invite your enquiries, also for other Glass Parts for 
the Electronics Industry. 


DAY-IMPEX LIMITED 


Progress Works, Brunel Road 


Eastwood Industrial Estate, Southend-on-Sea, Essex 
Telephone: EASTWOOD 525296/7 
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PURE FUSED SILICA 


VITREOSIL 
TUBES AND SHEATHS 


Electric furnace construction is one of the many applications of 
these tubes which, when wound with resistance wire, make a simple 
and inexpensive furnace. Equipped with an inner Vitreosil tube, 
such furnaces are very useful for combustion and other analytical 
work. These tubes, supplied in sand-surface or glazed finish, are 
eminently suitable for temperatures up to 1050°C. Fused silica has 
the lowest coefficient of expansion of any manufactured material, 
and is most resistant to thermal shock. 


We also manufacture an extensive range of Vitreosil Laboratory Ware 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND. Tel.: Wallsend 6-3242/3 
LONDON: 9, BERKELEY STREET, W.1. HY De Park 1711/2 





Piezoelectric 
Ceramics 


TYPE LZ-4A TYPE LZ-5A 
Improved polycrystalline ceramic materials k 0.600 0.540 
k3) 0.355 0.318 


: 43) 407 x10"? | -140x 10"? coul/Newton 
accelerometers and pressure cartridges, flaw detection probes and K 1350 1500 
3 


for all piezoelectric applications including gramophone pickup elements, 


high power ultrasonic transducers. Density 7.6 7.5 grams/cc 
Resistivity > 0? >10"? ohm. cm 
Mechanical Q 500 75 
tan § 0.004 0.02 


Brush Crystal Co. Ltd. 


SHORE ROAD: HYTHE : SOUTHAMPTON 
TELEPHONE: HYTHE (Southampton) 3031-2 CABLES: BRUDEV. HYTHE SOUTHAMPTON 
EE 18 209 for further details 
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Millivolts to 
| Milliamps 


a 


Operating from a 200/250 V 50 c/s the 
Servo-Pot produces a d.c. milliampere output 
proportional to the d.c. millivolt input. 
Negligible current is drawn from the input 
source. 

It is designed for use with very low millivolt 
devices, e.g. thermocouples, providing power 
for indicators, recorders or controllers. 
Overall accuracy is +1% of input or +0.05 
millivolts, whichever is the greater. 


I 
[ 
| 
| 
! 


& 
. 
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SANGAMO WESTON LTD 
ENFIELD - MIDDLESEX - Phone ENFIELD 5434 (6 lines) & 1242 
(6 lines) - Grams: Sanwest Enfield 


LONDON + GLASGOW + MANCHESTER - NEWCASTLE-ON-TYNE + LEEDS + EIVERPOOB 
WOLVERHAMPTON + NOTTINGHAM + BRISTOL + SOUTHAMPTON 
SW/82 
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Precision — 


etal WORK 


- CASE 
CABINETS - CHASS'® ‘i 
P. D. OVERELL 


& CO. LTD. 
HAMPTON HILL - MIDDLESEX. 


Tel : Molesey 287 


WINDMILL ROAD - 





YOU are invited to apply for a 
copy 1960 illustrated 
brochure and price list which gives 


of our 


4h. 


full details of our wide range of 


QUARTZ CRYSTAL UNITS 


which are renowned for their 


Accuracy & Reliability 


THE QUARTZ CRYSTAL Company Ltd. 
Q.C.C. Works, Wellington Crescent, New Malden, Surrey 
Telephones: MALden 0334 & 2988 Grams & Cobles: Quartzco, New Malden 


EE 18 212 for furtherjdetails 





FIX and FORGET tis 


STABILISED D.C. POWER UNIT 
| Amp at 2 - 18 V 


Pertwee ne eee we ee BE BO BB ee eee ee es 
eee eee we we ee eRe Be eee eee ee eo & 


Include this packaged Power Supply Unit in your 
equipment 
@ Preset output voltage from 2 to 18 volts 
@ Output current 1 Amp maximum 

0.02 ohms. @ High stabilisation ratio 400-1 
@ Small size 5s" x sii x gs” 


Hatfield instruments 


CRAWLEY ROAD SUSSEX 


@ Source impedance less than 
@ Ripple 1 mV. 


Ltd. 


HORSHAM Horsham 3232/5 
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A question of control 


L furthering the modern trend towards electronic, rather 
than electro-mechanical techniques, cold cathode tubes 
offer : 


low cost, small size, flexibility, 
extremely long life, reliability 
and self indication. 





You can count on Hivac 
Cold Cathode Tubes. 


Calculating Machines 
Automation 

Control Systems 
Telephone and 
Telegraph Switching 
Timing Circuits 

etc. 








A member of the Automatic Telephone & Electric Group. 


STONEFIELD WAY, SOUTH RUISLIP, MIDDLESEX. Tel: Ruislip 3366 





accuracy 
is essential 


—specify 


/EUREKA 


(nickel-chrome) (cupro-nickel) 


resistance wires and tapes 
for all types of resistor 


*Vacrom’ and ‘Eureka’ are supplied fully annealed in either a bright 
or oxydised finish in accordance with British Standard specifications 


or to customers’ own special requirements. cn 


insulated wires 


‘Vacrom’ and ‘Eureka’ resistance wires can be supplied bare or with bare wires 


standard coverings of cotton, silk, rayon, enamel and glass. 


THE LONDON ELECTRIC WIRE COMPANY AND SMITHS LIMITED + LEYTON * LONDON, E.10 





VACTITE WIRE COMPANY LIMITED + 75 ST. SIMON STREET *~ SALFORD 3 *« LANCS. 
L/vI 
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FREQUENCY METERS 


SIZES : 2)" to 8” 
UP TO 5000 CYCLES 


PROMPT DELIVERY 


also the new SYNCHROSCOPE and Phase 
SEQUENCE METER both up to 5Kc. 


and full range of Switchboard instruments 
Ask for illustrated Catalogue 


THE ELECTRICAL INSTRUMENT 
CO. (Hillington) LTD. 


HILLINGTON GLASGOW 
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HIGH GRADE TEST EQUIPMENT 


LESLIE DIXON & CO. have pleasure in announcing that 
they have purchased the complete stock of High Grade Test 
Equipment from HATFIELD INSTRUMENTS LTD. Ali 
items have been rebuilt and calibrated in the Hatfield 
Laboratories and a selection is offered below :- 
EQUIPMENT BY MARCONI! INSTRUMENTS LTD. 


@ Meter, Type TF.329G: 50 Kc/s to 50 Mc/s. 

@ Meter, Type TF.866A: 15 Mc/s to 170 Mc/s. 

Output Meter, Type TF.340: 5 mW. to 5 watts. 

Signal Generator, Type TF.762B8: 300 Mc/s to 600 Mc/s. 

Beat Frequency Oscillator, Type TF.195/4: 50 c/s to 150 Kc/s. Complete 
with filter, attenuator | ~V to | volt. Max. output: 2 watts into 
50 ohms. 

Universal Impedance Bridge, type TF.373D. 


Write for complete list, now ready 


LESLIE DIXON & CO. Dep. k 


214 Queenstown Road, Battersea, London, $.W.8 MAC 2159 


THE ONLY 


SUB-MINIATURE 
“3000 TYPE” RELAY 


The Hopwood—Par 
Type P3relay although 
miniature, retains 
every possible feature 
of the “3000 Type” 
plus ceramic insulation 
and hermetic sealing. 














It can have up to 6 poles; twin 


Made 2 or HD contacts and iags for 
ae ee PRINTED CIRCUITS. 


D. ROBINSON and COMPANY Tel: HOUnslow 6266/7 & 8338 
4e-tesay es 0? ump iO apenas: WRITE FOR LIST €.! 
EE 18219 for further details 


MIDDLESEX 
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FBC 
MINIATURE 
BEARINGS 


range in size from 1-5 mm. o.d. 
to 10 mm. o.d. Some are made 
with open cups which allow 
clearance for spindle extensions, 
ranging from 0-25 to 2 mm. 
Full particulars and sizes are 
available on application. 


The bearings illustrated 
are actual size. 


D Regd. Trade Marks: 
FAFNIR 
L FISCHER 


FAFNIR BEARING COMPANY LTD. 
(Successors to FISCHER BEARINGS COMPANY LTD.) 
WOLVERHAMPTON 
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PHIL-TROL 
SOLENOIDS 


New 6 Page Leaflet (No. 
108) now available. Covers 
small and medium solid core 

Quick Delivery— types including new types 
Solenoids are normally 45, 35, 36 and 37 


of order NOW 


PHILLIPS CONTROL (G.B.) LTD. 


Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 
EE 18 220 for further details 

















Cristal Microphones 

Miniature Volume Controls am : 

Small Transformers and Toroida 1s’ 

Plug Sockets for miniature tubes and transistors 
Write for catalogue and information 
MICRO-ELECTRIC LTD. — Zurich 52 — Switzerland 
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Specialists in manufacture of Wirewound Potentiometers for over 
30 years. COLVERN LIMITED are the foremost producers of these 
components in the United 

The extensive range of types in constant production eomprises: 


e Standard Wirewound Potentiometers Zoo 1 to 15 watts 
rating and i: 


e A complete range pp ern tentiometers and 
variab resistors conform tish Joint Service 
S tions = yg and Litas. 
* comprehensive 2 of Precision Potentiometers, 
Helical and 5: /Cosine types, many incorporat- 
ing the exclusive COLVERN Cam- correction e 


Mhe Mound 


TYPE CLR42 
SEALED OPICAL , POTENTIONRTERS 
— 


Desigr extreme 
conditions PM to meet —y # uirements 
British Joint Service Specifications RCS.121. The 
potentiometer is housed in a mineral filled mould- 
ing, and effectivel rary a metal back cover and 


neo} ‘Oo’ 
CONFORMS TO i the pa INTERSERVICE 
SPECIFICATIONS RCS.121 AND RCL.1a1 
STYLES RAC-RAD(CLR 4239)! RAE-RAF 
(CLR.5237) HUMIDITY CLASS 


POTENTIOMETERS 


Type an ny MULTI-TURN Helical Potentio- 
meter has been developed d primarily fi lor mechanical drive 
and use in servo in the popular 10-turn 
version, or with any number of turns in the belix from 3 to 
20, standards being 3-5-10-15 and 20 turns. The precision- 
stainless steel shaft is mounted in ballraces 
@ smooth torque of 1-1} oz./in. and the 
duralumin base has a locating spigot true with the shaft. 
SPECIFICATION: 
Rating: 0.4 watts per turn. e Resistance Range: 
10Q-10kQl per turn. 
Resistance Tolerance: Standard,is%. Best 
Practical,+ 1%. 
Absolute Law Accuracy: Std. phone 10- 
Spec., +o.u turn 
e Max. Working Volta Spindie/ Track 1000 
lective Resistance A _—— +r. e Max. 
tarting Torque: 1} os 
Men. Gonaed Angle = en Tape: 90° 


for High Accuraty 


B44 y CLR.91/00 
COR 


Originally developed for Radar Gunnery sadn 
ment this Potentiometer is undoubtedl the 
most accurate Potentiometer in quantity, 
duction. In addition to in tice 
tronic Computing it is an i instrument for 
use as a laboratory standard. 
SPECIFICATION: 
@ Rating: 10 watts. e Resistance Range: 











4% » 
Max. Working Volts ‘Spindle/ Track: 
sroooV D.C. « Effective Resistance 
Angle: 315° + 25° —o°. 
360° cont. e Max 
7 as Torque: 8.5 os/in. 

tween Taps: 10°. 

Max. Gated Sections: 4. 





COLVERN LTD., SPRING GDNS.., 
ROMFORD ver rororo mm ESSEX 


ables C LVERN PHONE ROMFOR 
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THE 


TIMOTHY EATON 


CONTROVER 


PROGRAMMER 

AND INFINITELY 
VARIABLE SEQUENCE 
CONTROL UNIT 
PROVIDES 





























RELIABILITY 


UMMM diff —_ 


FLEXIBILITY 





























oe WsMéhale 
SIMPLICITY 


WU|“: yd 


TIMOTHY EATON LIMITED 


applied research for industry 

















Thornfield Laboratories, 
Macclesfield Road, 
Alderley Edge, Cheshire. 


Telephone: ALDERLEY, EDGE 2521/2 
Telegrams: ELECTRONICS, WILMSLOW 
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IMustrated is a 30 V. 2,000 amp. air 
cooled rectifier with Remote Control 
which has a range of 200/2,000 amps 
Units of this order can be supplied as 
straight Transformer Rectifiers or with 
Magnetic Amplifier Control giving 
smooth D.C. Control outputs over a 
wide range. Air Blast or Oil Filled 
can be supplied depending upon the 
application and use. 


WWMM 


Ll} 


If 
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HIRST ELECTRONIC LTD. 


GATWICK ROAD CRAWLEY SUSSEX 


N, EK Ww miniature low voltage 


STABILISED POWER UNITS 
Models LT. 12-05 & LT. 24-05 


Fully transistorised. 

Zener diode reference. 

Totally enclosed. 

Cool running. 

Floating output with earth terminal. 
Variable or pre-set control. 





£25 -7-0 


each 
with quantity 
discounts. 


Delivery 
Ex Stock 


PRECISION 
PERFORMANCE 


1. Voltage ranges: 5.5-i4v. or 18-28v., continuously variable. 

2. Output current 500 mA maximum. 

3. Regulation: better than 0.15% for + 10%, 
and/or zero to full load. 

4. Ripple: tess than 2.5mV. 

5. Impedance: less than 0.04 OHMS. 


mains change 


Full specification No. 138 from 


LEXOR ELECTRONICS LIMITED 


ALLESLEY OLD ROAD, COVENTRY 
GEES Telephone: COVENTRY 72614 
EE 18 225 for further details 
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PLASTIC 





A.C.SOLENOID TYPESBM/T 


Now fitted with stainless steel guides—six times the life 
Continuous 3} Ibs. at 1” 
Instantaneous at 16 Ibs. 
Same dimensions as Type SB 
Smaller sizes available 
Greatly increased discounts for 
quantities. 
Also Transformers to 7kVA 
3 phase 


R. A. WEBBER LTD. 
18 FOREST ROAD, KINGSWOOD, BRISTOL. PHONE 67-4065 
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6500 

A HOO RRA AALS oe 
OOOO eee 
DOOOASASSDOOOOOUS 


IF; 


ROTATES OR RECIPROCATES 
MECHANICALLY OR 
ELECTRICALLY 


COUNT ON... 


COMPANY LIMITED 


MILLTOWN ST., RADCLIFFE 
Nr. MANCHESTER 
TELEPHONE: RADCLIFFE 2675 


* 
J 
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Technical facts and sound 
business judgement both say it’s 


BRANDAUER 


FOR 


Beryiuium 





TO VERY 
CLOSE 
TOLERANCES 








Corprer PRESSINGS 


Today, we of Brandauer are among the 
largest and most sought-after fabricators 
of beryllium copper pressings in Britain 
—thanks to a hundred years of heat 
treatment experience, specialised plant, 
and ten years of research. Being crafts- 
men, experts, and indeed enthusiasts in 
beryllium copper, we work with 
extreme precision, and in certain 
circumstances regularly maintain an 
accuracy of .00025”. All our com- 
ponents are of course made to 
customers’ own requirements. 


FOUR SLIDE WORK 
OF THE UTMOST PRECISION 


is also a helpful part of our service. 
So are our large stocks of material. 
They enable us to quote early 
deliveries for most pressings and com- 
petitive prices for all. in short, 
technicians and business men both 
agree that for time and tolerance, 
quality and price—choose Brandauer, 
May we send you samples and further 
information? 

We also specialise in precision press- 
ings manufactured from all ferrous 
and non-ferrous materials including 
the cupro-nickel alloys. 


Cc. BRANDAUER & COMPANY LTD. Es:. (862 


401 New John Street West, BIRMINGHAM 19. Telephone: ASTon Cross 38/8 


|= 
A-I-D APPROVED 


Magnetron Magnets for RADAR 
\ -in Alcomax 


The ideal gcc for the sean 





| | 
wate spi specially fo the duty. Available in a variety * sizes. 


Made i in two iin each more perfectly heat-treated than is 


seailibe ia a one-piece magnet. Assembled by resin bonding. 


ES 


PERMANENT MAGNETS 
Ge for industry 


Write for literature es 


Neuer 161 


Resin-Bonded 
Permanent Magnets 


a 


PM. 160 
Start your Production 
Line Here 


- 


PM. “185 
Permanent Magnets 
Summarized 


Made by the designers & manufacturers of Eclipse permanent magnets & chucks 





JAMES NEILL & CO, (SHEFFIELD) LTD + SHEFFIELD ENGLAND 


M2 
EE 18230 for further details 
FEBRUARY ELECTRONIC ENGINEERING 


1960 175 





GE 18 231 for further details 


PROBLEM SOLUTION 


Process demands quick, Installation of N.G.N. CU.100 
regular access to a high Combined High Vacuum 
vacuum chamber. Pumping Unit 


Simple, single-lever control (giving Rough 

ing, Fine Pumping, Isolation or Air 
Admittance at will) results from the inter- 
locked combination of Mechanical, and 
Electromagnetic Valve Systems. Lengthy 
operation without supervision; automatic 
re-starting when power supply is resumed 
after failure, together with immediate and 


Rotary pumps, diffusion pumps, valves, mare, tog 
combined units—these are but a few from ag isolation of 

: . igh Vacuum 
the very full range of equipment now being Chamber during 
produced for the High Vacuum industry periods when power is 
by N.G.N.....our technical services are — Femmes oe § or 
being increasingly used to assist and advise , y), are 
on postions of High Vacuum. Why not a peau calia 
make use of them— NOW. 


N.G.N. FOR HIGH VACUUM 


High Vacuum Specialists and Electrical Engineers 


N.G.N. ELECTRICAL LIMITED 
Avenue Parade, Accrington, Lancs. 
Telephone: Accrington 5611-2 


2 > Mager aie 4 y EST. 
GrUREATED «9 "p |Wilkinsons 
| Re) conus : for RELAYS -. ree 3000 


av Ss 
MACHINE wm 
frine BUILT TO YOUR SPECIFICATION 


st $ 
aivet 
Contacts up to 8 changeover 





HH quick DELIVER 


MAGNETIC COUNTERS 


Counting to 9999 Y = 

2-6v D.C. 15/- each post 1/6 SS < 

High Speed Type No. !00c 35/- —S ——"¢e 

post 1/6 : WS. - ==) 

Swiss Tyoe Counter with Zero : Se 
C 


Reset 45/- post 1/6 a= 


VEEDER-ROOT MAGNETIC COUNTER General paypeee 
type with zero re-set. 800 counts per minute up to 999999. 48 volt D.C. 
55/- post 2/6. 

RACKS—POST OFFICE STANDARD. 6 ft. high with U-channel 
sides drilled for 19 in. panels, heavy angle base, 4 ft. 10 in. also in stock. 
VARIABLE TRANSFORMER 230 volts A.C. 50/60 cycles. Output 
infinitely variable from 0-270 volts 9 amps. Brand new £15 carr. 12/6. 


RESISTORS EX STOCK IN QUANTITY WIRE WOUND, 
HIGH STABILITY CARBON ETC., BEST MAKES AT LOWEST 
POSSIBLE PRICES | 


QUANTITIES CALLERS @ WRITE FOR 
AVAILABLE © WELCOME LISTS 


L. WILKINSON (CROYDON) LTD. 
19 LANSDOWNE RD. CROYDON SURREY 


an, A) aeleome len aelel.| 
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CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The charge for these advertisements is 7d. per word. Minimum charge, I4s. Box number, 


2s. extra, except in the case 


Specially Spaced Classified—50s. Od. per single column inch. 


Copy, with remittance, for the above advertisements, must be received before the !4th of the month for insertion 


in the following issue. 


Display Classified—Full Page, £75 (based on specially spaced classified rates). 


advertisements for ‘‘Situations Wanted’’, when it is free. 


Half Pages, Quarter Pages and 


Eighth Pages pro rata. Copy dates: With proofs, Sth of preceding month. Without proofs, 10th of preceding month. 


Blocks must be mounted. 


Advertisements for publication should be addressed to: 
Classified Advertisement Dept., “Electronic Engineering’, 28, Essex Street, Strand, London, W.C.2. 











AIR MINISTRY require Experimental/Assistant 
Experimental Officers in: (1) Soils Laboratory, 
Cardington. Bedford (Ref. E.518/9A); (2) Ruislip, 
Middlesex (Ref. D.641/9A). (1) Duties to take charge 
of small soil survey teams on 
investigations for runways, Caikitnes and other civil 
engineering works at airfields, etc., and to progress 
and supervise associated laboratory testing. Work 
requires ability to use Geological Survey maps and 
publications in interpretation of results of survey. 
Qualifications: Higher School Certificate (preferably 
including Geology) or H.N.C. or equivalent qualifica- 
tions and wide experience in responsible capacity in 
connection with field surveys and associated standard 
laboratory test for soils investigations. (2) Duties: 
Experimental work in connection with installation, 
operation, adaptation and modification of radio 
equipment and aerials. Qualifications: H.N.C. Elect. 
or equivalent qualifications, and sound general 
knowledge of principles of radio; practical experi- 
ence of one or more ground radio systems employed 
in R.A.F. such as navigational aids, air/ground 
communications, long-range communications or 
radar an advant ige. Salary scales: Cardington E.O., 
£954-£1,166; A.E.O., £38) 10s.-£830. Ruislip E.O., 
£1 ,005-£1 233; A.B. 6., wi 10s.-£880. Forms from 
Ministry of Labour, Technical and Scientific Register 
(K), 26 King Street, London, S.W.1, 
eemcortte reference. Closing date, 12 





ATOMIC ENERGY ESTABLISHMENT, 
Winfrith, Dorset. Professional Electronic Engineer 
is required by Control and Instrumentation Branch. 
His duties will include liaison with companies 
developing and manufacturing under contract new 
types of electronic instrumentation and control 
equipment for the reactor research programmes, 
responsibility for the maintenance of a wide range 
of comparable electronic equipment and supervision 
of an electronic instruments loan pool service and 
laboratory workshop. Applicants should be 
corporate members of a senior engineering institu- 
tion. They should be experienced in the engineering 
and production of eleccronic equipment, preferably 
to inter-service standards. Experience in the applica- 
tion and maintenance of a wide range of electronic 
instruments is desirable. Salary: £860 (at age 25)- 
£1,340 p.a. Housing and superannuation schemes. 
Send post-card for application form and details to 
Personnel Branch (W.210/42), U.K.A.E.A., A.E.E., 

Winfrith, Dorchester, Dorset, not later _ 19 
February 1960. 3729 


BRADFORD INSTITUTE OF TECH- 
NOLOGY. Principal: G. Edwards, Ph.D., 
B.Sc., F.R.I.C. Applications are invited for the post 
of Technician in the Electrical Engineering Labora- 
tories. The principal duties of the person os 
will be the maintenance and repair of appar- 
atus, setting up of laboratory experiments and 

ture demonstrations and the testing of instru- 
ments. A knowledge of electronics would be an 
advantage. Applicants should preferably ee a 
Final Certificate of the City and Guilds of London 
Institute in appropriate subjects or an Ordinary 
National Certificate or other sui ions 
or experience. Salary scale: £465 to £650 p.a., with 
efficiency bars at £525 and £590. Commencing 
salary ———s a ualifications and experience. 
Further particulars forms of application may be 
obtained from the R trar, Bradford Institute of 
Technology, Bradford 7. W. H. Leathem, Clerk to 
the Governors. W 3739 
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D.S.1.R. REQUIRES Experimental Officer in 
Central Instrumentation Section of National 
Physical Laboratory, Teddington, to assist in pro- 
vision of instrumentation advisory service to 
ies thr Department. Saperteane & of 
instrumentation in wide field of scientific research 
necessary, and special knowledge of chemical field 
an advantage. Candidates should have aptitude for 
liaison work and be prepared to travel frequently. 
Ability to read Technical German or Russian an 
advantage. Qualifications: H.N.C., Mechanical or 
Electrical Engineering. Salary range: (Men) £1,005- 
£1,233. Forms from Ministry of bour, Technical 
and Scientific Register (K). 26 King Street, London, 
See” quoting C895/9A. Closing date, 24 rh 





D.S.1.R. REQUIRES Assistant Experimental 
Officer/Exverimental Officer at adio Research 
Station. Slough, Bucks, to prepare abstracts of 
Scientific and Technical articles on radio research 
and development. Qualifications: G.E.C. “A” level 
in two Science or Mathematical subjects or equivalent, 
preferably in Physics or Electrical Engineering. 
Over 22, Pass Degree, H.N.C. or equivalent generally 
expected. Experience in radio research or develop- 
ment, or communications, and ability to read 
technical French and German an advantage. Salary 
ranges: A.E.O., £382 10s.—£830. E.O., £954-£1,166. 
Forms from Ministry of Labour, Technical and 
Scientific Register (K), 26 King Street, London 

pg (quote A.340/9A). Closing date 19 February 4 





EXPERIMENTAL OFFICER required by The 
Atomic Weapons Research Establishment, Alder- 
maston, Berkshire. To join a team engaged on 
advising Engineers and Scientists on the use of new 
= of electronic components in experimental and 
. The duties include 
attendance at Committees and may also, in certain 
instances, involve laboratory work to determine 
parameters. Suvervision of Tvoe Approval Testing 
Procedures at Contractors will also be involved 
Candidates should be at least 26 vears of age and 
preferablv, have a Pass Degree or H.N.C.. but those 
with G.C.E. at “A” level in two Scientific or 
Mathematical subjects will also be considered. They 
should also have a thorough knowledge of various 
Governmental Scientific publications and specifica- 
tions, and a detailed knowledge of the uses o 
electronic components. Salary: £1,025-£1,260 
Contributory Superannuation Scheme. A house, or 
substantial assistance with house purchase, will 
become available for married officers living beyond 
daily travelling distance. Post-cards for application 
forms to the Senior Recruitment r at above 
address. Please quote Ref. 2498/42. W 3722 











MINISTRY OF AVIATION requires Assistant 
Officers 


Technical Cost for unestablished posts in 
London and Nottingham to prepare estimates of 
prime costs of manufacture of engineerine pro- 
ductions. The duties normally involve a considerable 
amount of travelling. Qualifications: Recognized 
Engineering apprenti ip or equivalent training in 
an appropriate trade. Good practical experience in 
rate-fixing, operational planning and prime cost 
estimating of engineering productions. Vacancies 
exist in Sections concerned with general mechanical 
and electrical productions, aircraft, instruments and 
the manufacture of electronic equipments. Good 
machine shop experience would also be an advantage. 
Possession of an O.N.C., C. & G. Final Certificates 
or equivalent qualification is desirable. Salary: £900 
(age 30)-£1,065 p.a. Application forms from 
Manager (P.E.16), Min of Labour, Professional 


and Executive ne * antic House, es 
Street, London, E.C.4 W 3740 


MINISTRY OF AVIATION require Electrica 
Engineers (Assistant Signals Officers) for aviation 
telecommunications and electronic navigational aids. 
Min. age 23, Ist or 2nd Class ee in Physics or 
Engineering, or A.M.1.E.E. or -R.Ae.S. (candi- 
dates with Parts 1, Il and Ill of A. ML. L.E.E. or Parts I, 
and | Il of A. F.R.Ae.S., or equivalent, or of very high 
without these qualifications, 
considered). Salary, £690 (age 23) to £1,125 (age 34), 
max. £1,300. Slightly lower outside London and for 
women. Promotion prospects. Further details and 
forms from Ministry of Labour, Technical and 
Scientific Register (K). 26 King Street, London, 
S.W.1, quoting D.554/9A. W 3689 





NATIONAL ENGINEERING LABORATORY 
(D.S.LR.), East Kilbride, Glasgow, requires Assistant 
Experimental Officers for development of electronic 
instrumentation for use in research on Plasticity and 
Lubrication. Experience in electronics or tele- 
communications essential. Qualifications: G.C.E. 
“A” level in two Science or a Science and Mathe- 
matics subject or equivalent. Over 22, Pass Degree, 
H.N.C. Electrical ns or equivalent De 4 
expected. Salary range: (Men) £382 

Houses available for married staff in East Kilbride. 
Forms from Ministry of Labour, Technical and 
Scientific Register (K), 26 King Street, London, 8.W.1. 
quoting D.657/9A. Closing date, 12 February 
1960. W 3724 


NATIONAL PHYSICAL LABORATORY 
(Metallurgy Division), Teddington, Middlesex, 
requires Experimental Officer/Assistant Experi- 
mental! Officer, Electronic Engineer, with experience 
of pulse techniques for upkeep and development of 
following equipment: nucleonic counters, X-ray 
detectors, spectrographic source units, automatic 
timers, voltage regulators, mass spectrometers, wide 
band amplifiers. Candidates for E.O. post should 
have knowledge of essentials of circuit design and 
a and be capable of working under minimum 
supervision. Emphasis is laid on wide diversity of 
electronic apparatus in modern physical laboratory. 
Qualifications: G.C.E. “A” level in two science or a 
science and ts i subject or uivalent. 
Over 22, pass degree, H.N.C. in Electrical 7 
ing or equivalent generally expected. For 
least aged 26. Salary 4 (men): E.O., £1,005- 
£1,233; A.E.O., £397 10s.-£880. Forms from 
Ministry of Labour, Technical and Scientific Register 
(K), 26 King Street. London, S8.W.1, quoting 
D.663/9A. Closing date, 12 February, soe smn 


OXFORD UNIVERSITY Physical Chemistry 
Laboratory have a vacancy in its fully equipped 
electronic and instrument-making workshop for an 
additional Instrument Maker-Electronic Tech- 
nician for the construction, development and main- 
tenance of electronic apparatus used for research. 
Salary according to ag? and experience. Applications 
to Secretary, Physical Chemistry Laboratory, South 
Parks Road, Oxford. W 1275 


REACTOR SERVICES. A Professional Engineer 
is required for the Maintenance Section, which covers 
all maintenance aspects of research reactors and 
ancillary equipment within the Reactor Services 
Group. Applicants should have experience of 
maintenance in Electrical, Electronic and Mechanical 
Engineering fields. Experience of installation work, 
testing and commissioning of new and prototype 
equipment, would be an advantage. Salary: £1,370- 
£1,825 p.a. Housing and superannuation schemes. 
Send post-card to the Group Recruitment Officer 
(1561/42), U.K.A.E.A., A.E.R.E., Harwell, Didcot, 
Berks. W 3720 
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OFFICIAL APPOINTMENTS (Cont'd.) 


PATENT EXAMINERS AND PATENT 
OFFICERS. Pensionable posts for men or women 
for work on the examination of Patent applications. 
Age at least 2) and under 29 on 31.12.60, with 
extension for regular Forces Service and Overseas 
Civil Service. Qualifications: normally first or 
second class honours degree in Physics, Chemistry, 
Engineering or Mathematics, or ——— attain- 
ment, or professional qualification, e.g., A.M.1.C.E., 
A.M.1.Mech.E., A.M.LE.E., A.R.LC London 
salary (men) £655 to £1,460; provision for starting 
pay above minimum. Promotion prospects. Write 
Civil Service Commission, 17 North Audley Street, 
London, W.!, for application form, quoting 
$128/60 W 3734 


SENIOR ELECTRONICS TECHNICIAN 
required to maintain, operate and develop radar 
and radio apparatus used in storm study at a base 
near Ascot. Salary according to age and experience. 
Superannuation. Apply, giving two referees, to 
Department of Meteorology, Imperial College of 
Science and Technology, London, $.W.7. W 3728 


SENIOR SCIENTIFIC OFFICERS (a); 
Scientific Officers (b). Pensionable posts for men or 
women in all major scientific fields, including 
Physics, Chemistry, Biology, Meteorology and 
mathematics. Age limits: (a) at least 26 and under 
32 (b) at least 21 and under 29. Extension for regular 
Forces Service and Overseas Civil Service. Qualifica- 
tions: normally first or second class honours degree 
in Science, Mathematics or Engineering, or 
equivalent attainment; additionally for (a), at least 
3 years’ relevant) ¢.g., post-graduate) experience. 
London salaries (men): (a) £1,233-£1,640, (b) £655- 
£1,150; provision for starting pay above minimum. 
Promotion prospects. Write Civil Service Com- 
mission, 17 North Audley Street, London, W.1, for 
application form, quoting (a) $53/60, (b) $52 . 
W 3737 





SITUATIONS VACANT 


BEA REQUIRES a Radio Engineer to assist in 
the development of Airborne Radio Communication 
and Navigation Systems, prepare performance 
specifications and investigate defects. Applicants 
should have a City and Guilds Final Certificate in 
Telecommunications or H.N.C.(Radio) and at least 
two years’ experience of radio/radar systems or 
equivalent experience in other spheres. Salary: 
£940-£1,120. Write to Personnel Manager, Engi- 
neering, British European Airways, Engineering 
Base, London Airport, Hounslow, Middlesex, os 

W 3731 


CATHODE-RAY TUBE MANUFACTURERS 
require Senior Foreman for the Works. Applicants 
must have sound knowledge of tube production. 
Apply, in writing, with full details, to the Works 
Manager, C.R.T. Ltd., Royston Road, Baldock, 
Herts. W 1277 


DEVELOPMENT TECHNICIAN required to 
work on Aircraft Electrical Systems. H.N.C. or 
equivalent qualification necessary with experience in 
transistors, A.C. electrics and a basic knowledge of 
circuit design at “breadboard” stage. Applications 
should be sent to the Personnel Officer, Fairey 
Aviation Limited, Hayes, Middlesex W 3730 


ELECTRONIC ENGINEER to assist in Design 
department in development of medium power 
transistor control circuits. Knowledge of Alternators, 
D.C. Motors and Magnetic amplifiers an advantage 
Reply in writing stating age, experience and tech- 
nical training to W. Mackie & Co. Ltd., 129/133, 
Lambeth Road, London, S.E.1. W 1285 


ELECTRONIC ENGINEERING 


ELECTRONIC AUTHORS. The Company is 
able to offer positions to Electronic Authors who 
should be experienced in the compilation of civil 
and service publications, and familiar with various 
types of electronic equipments. Authors, and also 
Engineers who possess a flair for this work, are 
invited to write for an interview, stating full relevant 
details of previous experience, etc., addressed to 
Personnel Manager, Marshalls’ Flying School 
Limited, Airport Works, Cambridge. W 3727 


ELECTRONIC ENGINEER required with 
experience in the application of transistors to Control 
Circuits. Some knowledge of protection and control 
schemes would be an advantage. Apply, giving full 
particulars of age, training and qualifications, and 
subsequent experience, to the Chief Engineer, 
A. Reyrolle & Co. Ltd., Hebburn, Co. unm see 
i 3721 


ELECTRONICS ENGINEER. A highly qualified 
and experienced Engineer is required to take charge 
of a small but expanding Electronics laboratory. In 
addition to a wide general experience in Electronics 
Research and Development, a specialized knowledge 
of digital techniques and semi-conductor physics is 
desirable and particular note will be taken of pub- 
lished work in these fields. Engineers earning less 
than £2,000 per annum are unlikely to have the 
required experience for this post. The laboratories 
are situated near Camberley, Surrey. Write, in 
complete confidence, to Box W 3719 


ENGINEERS: Career Opportunities in U.S.A. 
Engineers with experience in Radar, Simulators, 
Trainers or Communications are invited to submit 
their resumes for consideration. Company president 
will be in London early in May to interview appli- 
cants. Please address: President, Transdyne Corp.., 
43 Albertson Avenue, Albertson, New York, U.S.A 

W 1284 


GO-AHEAD ELECTRONICS ENGINEERS. 
Frustrated due to lack of scope for their abilities or 
lack of prospects for future advancement, are invited 
to discuss the openings which exist for them in the 
field of technical publications with a national 
organization. Experience in one or more of the 
following fields is desirable: Radar Systems, Guided 
Weapons, Microwave Techniques, Pulse Circuitry, 
Instrumentation. Preference will be given to those 
applicants possessing formal qualifications (B.Sc., 
H.N.C., City and Guilds Telecommunications, etc.). 
A good general standard of education is essential. 
This is a field in which ability and enthusiasm are 
well rewarded by a four-figure salary. Also required, 
first-class Technical Illustrators. We can only 
consider the highest calibre candidates who are used 
to preparing technical illustrations from ortho- 
graphic prints. Vacancies are available in Man- 
chester, London, Chelmsford, and Maidenhead. 
You are invited to write to Technivision Limited, 
Braywick House, nr. Maidenhead. cone a 

276 


HONEYWELL CONTROLS LTD. Indus- 
trial Controls and Information Systems Junior and 
Intermediate Engineers. We are building up a 
strong team to deal with complex industrial in- 
formation and control systems using advanced 
electronic techniques. We offer a progressive career 
and extremely interesting work for engineers with 
education and/or experience in one or more of the 
following fields: Industrial Instrumentation and 
Control; Computing—Digital or Analogue; Logical 
Design and Relay Circuitry ; Electronic Circuits 
including Transistors. Attractive salaries will be 
offered to the right men who want to make Industrial 
Electronics their career. Please apply, with brief 
particulars in the first instance, to: Honeywell 
Controls Limited, Ruislip Road East, Greenford, 
Middlesex, quoting reference “P.P.4.”" W 3741 


SALES REPRESENTATIVE REQUIRED for 
Industrial Electronic Firm situated in the West 
Riding of Yorkshire. Apply Box W 1283 


TECHNICAL INFORMATION OFFICER, 
male or female, for Patent/literature researches in 
electronic components and materials. G. V. Planer 
Ltd., Windmill Road, Sunbury-on- ae. 
Middlesex. W 1274 


LOUIS NEWMARK LTD. have the following 
vacancies at their Development Laboratories at 
New Addington, Croydon. An Engineer or 
Assistant Engineer, with H.N.C. or equivalent, and 
experience in the Light Electrical, Electronics, 
Electro-Mechanical or Aircraft Electrical fields, to 
work on the development installation and flight test 
of automatic pilots for helicopters. An Engineer or 
Assistant Engineer, with a Degree or H.N.C. in 
Light Electrical or Mechanical Engineering and 
relevant experience, for design and developmient work 
on small mechanisms and electro-mechanica! devices 
Pension Scheme. Apply, in writing, giving full par- 
ticulars to Personnel Officer, Louis Newmark Ltd., 
Prefect Works, Purley Way, Croydon, Surrey. 

W 348 


OVERSEAS Oil Exploration Company with 
world-wide seismic parties, offers permanent career 
to Electronic Technicians. Work consists in main- 
taining and operating electronic recording equip- 
ment under field conditions. Live generally in camp 
Qualifications: H.N.C. or equivalent essential, with 
practical experience in Electronics. Home leave 
every two years. Box W 347. 


SALES ENGINEER. Mullard Limited have a 
vacancy in their Government & Industrial Valve 
Division for a competent Sales Engineer with 
experience in the circuit design of industrial equip- 
ment. The successful candidate will liaise with 
Industry and Government Departments throughout 
Great Britain in the application of photo devices of 
all types, storage tubes, television camera tubes, and 
image converters. Preference will be given to 
applicants within the range 26-34 years who possess 
an Honours Degree in Physics or Electrical Engi- 
neering, and/or membership of the appropriate 
professional institution. Details of education and 
experience should be sent to the Personne! Officer, 
Mullard House, Torrington Place, London, W.C.1 

W 3726 


TECHNICAL WRITER, Radio and Television 
A Technical Writer is required for the preparation 
of Service Manuals for radio and television receivers. 
Applicants must have up-to-date knowledge of good 
servicing practice and be able to write effectively and 
well. Previous experience as a writer is desirable 
but not essential and the salary for the post will be 
assessed according to ability and qualifications 
Applications including details of age and experience 
should be sent to the Personne! Manager (R.23), 
Murphy Radio Limited, Welwyn Garden City, Herts 

W 3742 


THE SCOTTISH MARINE BIOLOGICAL 
ASSOCIATION §secks an Electronics Engineer 
to collaborate in research and instrument develop- 
ment in Marine Physics at Millport. Depending on 
age, qualifications and experience, the appointment 
will be within the Experimental Officer grade 
After initial probation, the post will be superannuable 
under the F.S.S.U. and will involve work at sea 
Application form and particulars from The 
Secretary, Marine Station, Millport, Isle of Cumbrae, 
Scotland. W 1289 


SITUATIONS WANTED 





WHO CAN USE the part-time day services of 
an energetic and versatile A.M.1.E.E. in the London 
area” Wide experience in electro-mechanisms, 
customer liaison, development etc. Please Write 
stating type of work and salary offered. Apply to 
Box W 1278 





CLASSIFIED ADVERTISEMENTS 
continued on page /80 





FEBRUARY 1960 





POTTED COMPONENTS 


We are specialists in the design and manufacture af encapsulated 
components in Epoxy and Polyester resins. Illustrated below are 
a few typical examples. Our technical representative would be 


pleased to discuss their use for your 


particular applications. 


o 


1. Probe No. 4—Used by the Post 
Office for fault location on tele- 
phone cable routes. 

2. Rectifier Unit—Silicon junction 
diodes assembled on to a standard 
international octal valve base, provid- 
ing a plug-in rectifier capable of .25 
A.D.C. current with a P.IV 800-800. 


\ 


3. P.60 Insert—An insert in a T/V 
distribution line, potted to with- 
stand the weather. 

4. Pulse Transformers—A tor- 
oidel winding on a mu-metal core: 
all connections are brought out to 
strong turret lugs moulded in the 
base of the casting. 


EE 18 235 for further details 


PLUGS & SOCKETS 


The examples shown here are representative of the 
wide range available, and we are always happy 
to discuss the manufac- 
ture of a special type. 


PROBE AND SOCKET 


Designed with the contact shrouded in order to 
monitor various points of a curcuit, the monitor points 
being taken to the nylon moulded socket mounted 
on the chassis. 


TEST PROBE 


Designed to monitor any point that is 
terminated on a standard Ediswan Polytag. 


PLUGS 

No. 127 and 222 
Manufactured specially for the 
G.P.O. An example of the 
development of small com- 


5. Potentiometer Mounting—Here the material is 


ponents undertaken by the 
used as an isolator, the component being used as a 


Company. 


potentiometer mounting. 


WHITELEY 


ELECTRICAL RADIO CO. LTD. 


MANSFIELD - NOTTS. 
Telephone: MANSFIELD 1762/5 





ZENITH 


Reg. Trade Mark 


ariac 


Reg Trede Merk 


VAR-5 is not an addition to our considerable range 
but a new catalogue now available containing details of 
the full series including a number of recently developed 
“Variacs” for both light and heavy loads. 


Designers will find it of great assistance for their 
voltage control problems within the range 60VA to 
25.2 kVA; larger loads up to 42 kVA are covered by 
multiple ganging. 

If you have not received a copy may we send one for 


your personal attention? 


ALL toroidal “Variac” transformers are wound on 
strip cores for minimum losses, the contact tracks (except 
Series ‘50”) receiving the exclusive “‘Duratrak”’ process 


the 

original 
continuously-adjustable 
autotransformer 





(British Patent No. 693406) which gives longer life and 
greater overload capacity, as shown on page 3. 


Many of the more popular sizes are held in stock, 
others being manufactured to order; our Works are 
designed to produce promptly any type within the range 
offered. 


PRICE REDUCTIONS. Several models in the 
Series ‘V’ are now available at lower prices. A new Model 
*V3H’, suitable for 240 volts 50 cycles and giving zero to 
270 volts at 1 ampere, is detailed on page 4, and is 
economically priced although built to the same high 
standard, 


THE ZENITH ELECTRIC COMPANY LTD. 


ZENITH 
Telephone: Willesden 6581-5 


MANUFACTURERS OF 


FEBRUARY 


WORKS VILLIERS ROAD 


ELECTRICAL 


EQUIPMENT 


1960 (vu) 179 


WILLESDEN 
Telegrams: Voltaohm, Norphone, London 


INCLUDING 


GREEN LONDON N.W.2 


AND TELEVISION COMPONENTS 


EE 18 236 for further details 
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SITUATIONS WANTED (Cont'd.) 





YOUNG MAN (27) po eee _and auaiions, 
sales experience, seeks position as Trainee 
Tecate! Representative in London. Prepared to 
in spare time to gain technical knowledge. 
Car ver. Box W 1280. 








ELECTRONIC ENGINEERS to the Industry. 
Production with 100% wupestion. Radio-Aids 
Limited, 29 Market Street, Watford (25988), Herts. 

Ww 349 


EXTRA PRODUCTION FACILITIES: Skilled 
workers + ' space + expert supervision = extra 
production facilities for you. See page 154. 

W 3495 


METALWORK. All ty cabinets, chassis, racks, 

etc., to your own specifications. Philpott’s Metal- 

works Ltd., Chapman Street Loughborough. 
W341 


PRODUCTION CAPACITY. Lexor Electronics 
Limited have quantity production capacity available 
for electronic equipment and microwave assemblies. 
All inquiries to Allesley Old Road, Coventry. 

Ww 


REMOTE CONTROL EQUIPMENT— Mag- 
slips, Selsyns, Servo Systems, etc. Consult Servo and 
Electronic Sales Ltd. Now! See our display advert. 
on page 146 of this issue. W 3526 








A. J. PRATT & SONS LTD. The Chain 
jalists. Chains in Brass, Steel, Aluminium and 
ilding Metal. Coil, Jack, Ladder, Oval, Trace, 
Curb, Chandelier, , Victor, Fancy Chains and 
all Types of Chain Assemblies in every Finish. 
Hooks—Rings— Wireforms—Presswork. Head othce : 
Chain House, Woodbridge Street, London, E.C.1. 
CLErkenwell 3742. (2 lines). W 3709 





GUARANTEED MAGSLIPS at low prices, 3in 
Resolver No. 5 (AP 10861), 50v. 5S0c/s. Unused, 
each in tin, 35s. post 2s. id. Large stocks of these 
and other types.—P. B. Crawshay, 94 Pixmore Way, 
Letchworth, Herts. Tel.: 1851. w3 





EDUCATIONAL 





CITY AND GUILDS (Electrical, etc.) on “NO 
PASS—NO FEE” terms. Over 95 per cent successes. 
For details of modern courses in all branches 
of Electrical Engineering, Applied Electronics, 
Automation, etc., send for our 148-page handbook— 
FREE and post free. B.LE.T. (Dept. 337c), 29 
Wright's Lane, London, W.8. W 316 


LEARN RADIO and ELECTRONICS the 
New Practical Way! Very latest system of experi- 
menting with and building radio apparatus—‘as you 
learn’. Free Brochure from Dept. EE10, Radio- 
structor, 40 Russell Street, Reading, Berks. W 3699 


T.V. AND RADIO—A.M.Brit.LR.E., City & 
Guilds, R.T.E.B. ificate, etc., on “NO PASS— 
NO FEE” terms. Over 95 cent successes. For 
details of Examination and Home Training Courses 
(including practical apparatus) in all branches of 
Radio, T.V. and Electronics, write for 148-page 
handbook—Free. B.I.E.T. (Dept. 337H), 29 Wright's 
Lane, London, W.8. 187 





CAPACITY AVAILABLE 





CABLEFORMS AND WIRING. Lexor 
Electronics Limited have quantity capacity for all 
types of cableforms, looms, harnesses and equipment 
wiring. All inquiries to Allesley Old Road, omni 


COIL WINDING.— Quantity capacity available 
for Wave Wound Coils—Blume & Redecker 
machines. All enquiries to Nichrotherm Electrical 
Co. Ltd., Old Hill, Chislehurst, Kent. 1279 


ELECTRONIC TAG BOARDS, wiri and 
assembly prototypes and small! runs. lectro- 
Sound Dockeans, 3 Weybourne Road, Weybourne, 
Farnham, Surrey. W 1281 





PATENTS 





AMERICAN, CANADIAN AND BRITISH 
patent rights (new application) for sale covering 
method of dielectric heating and fusing ceramics 
into glass. Write Box W 1282. 





SITUATIONS VACANT (Cont’d.) 





electromechanical mechanisms. 


equipment. 


S. SMITH & SONS 





ELECTRONIC ENGINEERING 


f a 


Opportunities for Engineers © Draughtsmen in the 
rapidly expanding field of Industrial Automation 


SYSTEMS ENGINEERS 


for design and development of industrial control and instrumentation systems. 
control systems with experience of electronic circuit design and problems involved in measurement of fundamental variables 


INSTRUMENT ENGINEERS 


for design and development of a wide range of electro-mechanical precision instruments and transducers. Some experience, also, in 
hydraulics and/or thermometry will be an advantage. 


ELECTRONIC ENGINEERS 


for design and development of industrial electronic instruments and ipme i ini P 
- sae > equi mt preferably with minimum of two years experience of 
electronic circuit design. Some knowledge of theory and design of magnetic amplihe 


Suitable candidates will be Engineers with a degree or H.N.C. in Electrical/Electronic Engineering or Physics, and will have served an 
apprenticeship or equivalent as appropriate. 


For less highly qualified applicants a number of Junior Vacancies are available. 


DRAUGHTSMEN 


Instrument Design Draughtsmen with H.N.C. in Electrical or Mechanical Engineering and experience in the design of precision light 


Sound knowledge of theory and practice of closed-loop 


rs would be an advantage. 


Junior Draughtsmen preferably O.N.C. or above in Electrical/Electronic Engineering for detailing of industrial control and instrumentation 


Increasing expansion in the field of Industrial Automation has created excellent career opportunities in this Division. 


Applications, quoting reference SM.259, will be treated in strict confidence, and should be made in writing to;—The Staff Manager, 
(ENGLAND) LIMITED, CRICKLEWOOD, 


LONDON, 
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High speed 
Switching Transistors 


TYPES XA141, XA142 
and XA143 


These germanium p-n-p drift transistors are specifically designed for use in high speed 
current switching circuits and feature minimum gain/bandwidth products of 20 Mc/s, 
40 Mc/s and 60: Mc/s respectively. Full particulars of these and other Ediswan Mazda 
semiconductor devices will be sent gladly on request. 

If you wish to keep up to date with the latest developments in this field, please ask us 


to add your name to our semiconductor mailing list. 
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MAXIMUM RATINGS (Absolute Values) 
Collector to base voltage (volts) 

Collector to emitter voltage (volts)... 
Emitter to base voltage (volts).......... 
Collector current (mA)........... ey ae ee 
Collector dissipation Tamp = 25°C (mW)... 
Collector dissipation Tamp=71°C (mW) 


PARAMETER CHARACTERISTICS * (Tamp = 25°C) 

Static current amplification 

at Vee= -7V, k= —SmA (here) .. Minimum 

Average 

Collector to base capacity (pF) Average 

Maximum 

Gain/bandwidth product (frequency for current Minimum 

gain=1) at Voe= —7V, I, = —SmA (Mc/s) ... Average 
*Typical production spreads 


EDISWAN SEMiconpucTors 


MAZDA Associated Electrical industries Ltd 


Radio and Electronic Components Division 
PD 15, 155 Charing Cross Road, London, W.C.2 


Tel: GERrard 8660 Telegrams: Sieswan Westcent London 
CRC 15/57 
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SITUATIONS VACANT (Cont’d.) 


DE HAVILLAND PROPELLERS LIMITED 


We have teams of engineers working on the design and 
development of 


ENGINE CONTROL SYSTEMS 
TEMPERATURE CONTROL 
SERVO MECHANISMS AND FLIGHT SYSTEMS 


To LEAD groups carrying out basic circuit and development 
work on these systems, we need 


SENIOR ELECTRICAL ENGINEERS 


Applicants should have experience on magnetic amplifiers, tran- 
sistor circuitry or servo mechanisms, and a degree in electrical 
engineering or physics, or H.N.C. (Electrical). 


These are SENIOR STAFF APPOINTMENTS at Hatfield and 


applications, in confidence, should be addressed to:— 
The Personnel Manager ( Ref. 159) 
DE HAVILLAND PROPELLERS LIMITED, HATFIELD, HERTS 





coil designer 


A vacancy exists with more than usually attractive 
future prospects for a senior designer of coils, 
transformers and network filters in the low frequency 
field to deal with varied and interesting requirements 
including transistorised active filters. 


The successful applicant, if he proves suitable, 

will be promoted to Chief Coil Designer when the 
present holder of this appointment is due for 
retirement, and, in view of these plans for promotion, 
only candidates who have a sound background, of 
experience and are highly skilled in this rather 
complex and specialised art can be considered. 

The position is a permanent one carrying excellent 
pension and life assurance cover after a period of 
probationary service. The Company is situated in 
pleasant open country between Esher and Cobham 
and is well served by ‘bus and Green Line routes. 
Working conditions and equipment are both of the 
very highest standard, and the amenities available 
include good canteen, adjoining gardens for 
recreational and sports activities, ample car park 
and medical services on the premises. 

If you have the qualities described above and would 
like to find out more about this unusual opportunity, 
the Chief Engineer would be pleased to see you 

for an exploratory discussion in strictest confidence. 
Write or telephone for an appointment (travelling 
expenses reimbursed) to: 


COTTAGE LABORATORIES LTD. 


Portsmouth Road - Cobham: Surrey Cobham 3/9! 


ELECTRONIC ENGINEERING 








ELECTRONIC ENGINEER 


required for the 


DEVELOPMENT OF DEVICES 
AND CIRCUITS 


based on 


New Semiconducting, Magnetic 
and Dielectric Materials 


The successful candidate will also be expected to take charge 
of a small section involving the design, construction and 
maintenance of test gear which is used by research per- 
sonnel. A knowledge of components would be useful, and 
applicants should possess a University degree or equivalent 
qualification. 


The appointment is located in a Research Unit in a pleasant 
part of the Midlands. 


Apply Box W.3718 Quoting Ref. SEE/2 
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40 VOLTS/SEC AUTOMATIC CORRECTION 
—with the type TCVR voltage regulator 


Type TCVR-7000. 
‘k-mounting version. 


The TCVR is a servomechanical automatic voltage 
regulator having the very high speed of correction of 
FORTY VOLTS PER SECOND. It provides an 
undistorted output, maintained constant within very 
close limits (normally + 0.5%) from no-load to 
to full-load, for wide variations in frequency and 
power factor. 

A wide range of models from 1.6 to 12 kVA single- 
phase, and 4.8 to 36 kVA three-phase, is available, 
to standard or tropical specification, in cabinets or 
for rack-mounting. Models are also available in 
which the output voltage is continuously adjustable 
over a wide range by means of a panel control. 
Regulators can be supplied to Services’ specification, 
and special models can be designed to order. 

For high-speed, accurate stabilisation without dis- 
tortion—specify TCVR. 








Other products 
of Claude Lyons Ltd. Stabiliser Division 


BMVR: Motor-driven laboratory and industrial regulators ranging 
from 16 to 29 kVA single-phase, and 4-8 tw 87 kVA three-phase. 
Constancy of output normally + 0:5%, from no-load to full-load. 
No distortion. Speed of correction 1 Volt/Sec. A great variety of 
models, standard, tropical and militarised, for all applications 


BAVR: Electronic stabilisers of very high accuracy, and very rapid 
response, with no moving parts. Input range: - 10% to + 5%, 
output constancy + 0.15%. Three sizes: 200, 500 & 1000 VA. 
Exceptionally useful for control of chemical processes, heating, 
lighting, etc. 


ASR: Automatic step regulators, small, inexpensive, and with 
sinusoidal output waveform. Two sizes: 1:15 kVA and 2:3 kVA. 
Input range - 10% to + 5%: output constancy, + 24%. 


ATC: Automatic Tap-Changing Transformers — a development of 
ASR. Two sizes: 575 VA and L1S50VA. Input range - 20% to + 10%: 
output constancy, + 5%. Provide adequate stabilisation for many 
types of apparatus, at low cost. Also useful as pre-regulators, 
eg. in conjunction with BAVR. 


We shall be pleased 
to send you full details 


Slaude Dpons Mtd. 


of our entire range. 








Stabiliser Division 


VALLEY WORKS - HODDESDON - HERTS - TELEPHONE HODdesdon 4541/4 
cUe/as 
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UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 
PRODUCTION GROUP 
INSTRUMENT MECHANICS 


Windscale and Calder Works, and Chapelcross Works require 
experienced men with knowledge of electronic equipment 
and/or industrial instrumentation for fault diagnosis, repair 
and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. 
This interesting work involves the maintenance of instru- 
ments using pulse techniques, wide band low noise amplifiers, 
pulse amplitude analysers, counting circuits, television, and 
industrial instruments used for the measurement of pressure, 
temperature and flow. 


Men with Services, Industrial or Commercial background 
of radar, radio, television, industrial or aircraft instruments 
are invited to write for further information. Training Courses 
in Specialised Techniques are provided for successful 
applicants having suitable instrumentation background. 
Married men living beyond daily travelling distance will be 
eligible for housing. A lodging allowance is payable whilst 
waiting for housing. Working conditions and promotion. 
prospects are good. 

Applications to:— 

Works Labour Manager, Works Labour Manager, 
Windscale and Calder or Chapelcross Works, . 
—. o— Annan, Dumfriesshire, 
Seascale, Cumberland. Scotland. 


¢bicrrat 


SASL ALL DD DDL DD LDL LL ES 


DIGITAL COMPUTER ENGINEERS 


‘English Electric’ has vacancies for a number of 


SITE COMPUTER ENGINEERS 
for diagnosis of logic and ci:cuitry faults at operational establishments. 
Successful applicants will, after an initial training course, be required to 
take up responsible positions at Computer Installations on customers’ 
premises. 


Qualifications required are H.N.C. or equivalent with preferably two 
years’ experience in development or maintenance of Computers or other 
pulse circuitry. During training, special subsistance allowance will be 
made for any successful applicants who have to live away from home. 
Attractive salaries would be offered with these positions which are 
permanent and enjoy the benefits of the English Electric Staff Pension 
Scheme and qualify, after initial service, for three weeks annual holiday. 
Applications giving full details of qualifications and experience should be 
addressed to Dept. C.P.S., Marconi House, 336/7 Strand, London, W.C.2, 
quoting reference EE 390E. 

SLPPLDL SLD DD DDD DDS 





SENIOR TEST ENGINEER 


Required for an expanding organisation producing television 
and radio transmission equipment. The successful candidate 
must be capable of formulating test specifications and 
procedures for a wide variety of equipment, and will be 
required to train and direct a group of test engineers. 
Adequate theoretical qualifications and good practical 
experience are required. 


Applications, which will be treated as confidential, should 
be sent to: 
Staff Appointments, 
BRITISH RELAY WIRELESS LTD., 
1-7, Croft Street, 
LONDON, S.E.8. 

















BLACKBURN AIRCRAFT LIMITED 


requires 


Electronics Engineers 


for design and development of specialised equipment. 
Applicants should be experienced in at least one of the 
following branches :— 


Data Acquisition and processing, including: 
Telemetry, 

Transistor Electronics, 

Flight Test Instrumentation, 
Servomechanisms, 

Testing. 


Certain posts are of senior status, whilst all carry good 
salaries and promotion prospects. Good welfare, insurance 
and superannuation schemes are in operation. Assistance 
with removal can be given under certain conditions to 
successful married applicants. 


Please apply, quoting all relevant particulars to:— 
The Design Office Manager, 


BLACKBURN AIRCRAFT LIMITED, 
Brough, Yorkshire. 


ASSOCIATED ELECTRICAL INDUSTRIES 


TEST ENGINEERS 


The Electronics Department requires Test Engineers with 
at least H.N.C. qualification, and sound knowledge of 
electronics. Some experience of fault diagnosing and testing 
of such equipment as Radar or Computers would be desirable. 

These are staff positions qualifying for the Company’s 
pension scheme and offer opportunities for advancement. 

Please apply for application form, quoting reference 
E.14, to:— 

Personnel Manager, 
Associated Electrical Industries (Manchester) Ltd., 


Trafford Park, Manchester, 17 














Imperial Chemical Industries 
Limited 
Metals Division 


Summerfield Research Station 
Kidderminster 


requires a 


CHARGEHAND 
INSTRUMENT ARTIFICER 


who is fully experienced in electronics. Previous supervisory experience 
an advantage but not essential. 

Excellent conditions of employment include payment during illness and 
authorised absence. Pension Scheme and participation in the Company's 
Profit Sharing Scheme. 

Applications in writing stating age and full experience should be 
addressed to Labour Officer at the above address. 
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REGENTONE 


TELEVISION RADIO TAPE RECORDING ELECTRONIC EQUIPMENT 


The Regentone Group of Companies offer opportunities to engineers and Technical staff in the 

laboratories of their manufacturing division. There are vacancies at all levels of seniority—all of them 

provide interesting work and wide scope to men with enthusiasm and who primarily desire to engage 

in development. Salary scales are imaginative and the organisation is young with a record of rapid 
expansion. 


SENIOR TELEVISION ENGINEER 

This post involves the co-ordination of a team of engineers, 
and a candidate of sufficient merit will enjoy excellent 
prospects. Experience of leading a small section would be 
preferable and applicants should hold at least H.N.C. The 
salary will be commensurate with the candidates experience 
and status. 


TELEVISION ENGINEERS 

Engineers with three to four years design experience in some 
aspect of TV receivers or similar field of circuitry will be 
needed to fill several posts. 


ASSISTANT ENGINEERS 

A number of opportunities exist for young engineers with a 
good basic engineering training, some industrial experience 
and having a strong inclination to radio and television work. 


TECHNICAL ASSISTANTS 
Men with a variety of experience are needed. A particular 
vacancy occurs for a technical clerk/writer to assist with 


COMPONENT TEST ENGINEER 

A man with experience of component life testing and approval 
procedure covering both the Mechanical and Electronic field 
is needed for this aspect of the Engineering Department's 
work. 


SENIOR TEST EQUIPMENT ENGINEERS 

Test equipment engineers are uired with some years of 
experience in designing all forms of electronic test equipment 
for mass production of radio and television. “Specialist 
experience of sweep generators of TV signal systems would 
be an advantage. 


MECHANICAL DESIGNERS 

These vacancies occur in the television section of the drawing 
office and call for experience of consumer product engineer- 
ing. It is not entirely necessary to have worked in the radio 
industry. The work involves dealing with sheet metal parts, 
plastic mouldings, small mechanisms, etc. 

The company offers good working conditions with up-to-date 
facilities; superannuation scheme; canteen facilities; and 
many social activities. Applications should be in writing 
but further information will be given by telephone. 


administrative work and laboratory records. 
Write to: TECHNICAL DIRECTOR, 


REGENTONE PRODUCTS LTD., EASTERN AVENUE WEST, 
ROMFORD, ESSEX. TEL.: ROMFORD 45991 











i aorraciti 


ELECTRONIC COMPUTERS 


The outstanding success of Ferranti Computers not only in Britain but overseas, is reflected in the 
Company’s requirements for:— 


(i) SUPERVISING COMPUTER ENGINEERS 
who should possess sound electronic knowledge based on a Higher National Certificate or on good 
experience in the technical branches of the Services. 


(ii) COMMISSIONING ENGINEERS 


of at least H.N.C. status and preferably possessing knowledge of computing circuitry and techniques. 
Previous experience in development would be an advantage. 


These vacancies offer :— 
%* RESPONSIBILITY %* HIGH TECHNICAL INTEREST 
% CLEAR PROSPECTS IN THIS ADVANCING NEW INDUSTRY 
% EXCELLENT SALARIES AND CONDITIONS OF SERVICE 


The Company has a Pension Scheme and a Dependants’ Insurance Scheme. 


Application forms can be obtained from : 
T. J. Lunt, Staff Manager, Ferranti Ltd., Hollinwood, Lancs. 
Please quote Ref. CD(i) or (ii). 
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THE BRITISH PETROLEUM COMPANY LIMITED 
has vacancies for the following male ad female E'ectronic Copper 
and Hollerith Staff in its rapidly expanding o:ganisation at Head 
in the City of Lon.on :— 


COMPUTER PROGRAMMERS 
Required for programming Scientific and Com- 
mercial Applications on to a Ferranti Mercury 
Computer. Programming experience is desirable but 
training can be arranged for Candidates who show 
a marked aptitude for Logical Analysis. Age 28-35. 
Honours Degree in Mathematics. 


COMPUTER OPERATORS 
Experience desirable but training will be given 
to suitable applicants. Age 23-28. G.C.E. “A” 
level Mathematics. 


COMPUTER MAINTENANCE ENGINEERS 

_Experience of servicing digital Computer and 
ancillary equipment is necessary. Age 25-30. H.N.C. 
or equivalent technical qualifications. 


HOLLERITH MACHINE OPERATORS 

Able to operate all types of Hollerith equipment. 
Experience on 901 tabulators desirable but training 
courses can be arranged. Age 23-30. 


HOLLERITH PUNCH OPERATORS (FEMALE) 
Experience desirable but training will be given 

to suitable applicants. Age 18-24. 
These are permanent Staff Appointments with an expanding orpa-isation . 
Salaries are based on qualifications, experience and ability. Excellent 
working condili ns. N_n-coitrinu.ory P.nsion Fund. Lunche n Club. 
Assisted House Purchase Scheme. R i exp and Settling-in 
Aill.wances payabl. in certain cases. 
Please write, giving essential details quoting reference 
A.H.O.1. to Box 6212, c/o 191, Gresham House, E.C.2. 





AUTOMATION 


A Senior Electronics Engineer is required by a large 
Engineering Company in the East London area, manu- 
facturing a wide range of mechanical, electrical and electronic 
components, for rapidly expanding mechanization projects. 
The work involves the design and development of electronic 
equipment, including automatic test gear and control 
equipment, for use in conjunction with special purpose 
machines. 

Applicants should be of H.N.C. or equivalent standard, 
and experience of transistors would be an advantage. An 
attractive salary will be paid to the selected candidate and 
a generous Life Assurance and Pension Scheme is in 
operation. 


Please reply, giving full details of qualifications and experi- 
ence, to Box No. W.3735 











AN ENGINEER 





with suitable professional and/or academic qualifications is 
required by TAYLOR ELECTRICAL INSTRUMENTS 
LIMITED, Slough, a member of the Metal Industries Group 
of Companies, to take charge of all technical aspects 
associated with the design and production of radio and 
television test equipment and panel meters. Experience in a 
senior post of similar nature is essential. 

Age, 35/45. An attractive salary according to age and 
experience. 

Pension Scheme. 


Send postcard for application form to the Group Staff Officer 
Metal Industries Limited, Brook House, Park Lane, 
London, W.1. 


THE METAL INDUSTRIES GROUP 








JOSEPH LUCAS (ELECTRICAL) LIMITED 


require a 


SENIOR EXPERIMENTAL OFFICER 


to design and develop specialized electrical and electronic 

equipment and instruments for the following applications: 
(a) Laboratory experiments associated with product development. 
(6) Prototype test apparatus to aid new product introduction. 
(c) Telemetering equipment for the remote recording of data. 


Applicants should be in possession of a Higher National Certificate and 

should have had good experience in work of this nature. The post is 

permanent and pensionable, and a good starting salary will be paid 
according to qualifications and experience. 


Apply, in writing, stating age, qualifications and experience, to the 
Personnel Manager, JOSEPH LUCAS (ELECTRICAL) LIMITED, 
Great King Street, Birmingham, 19. quoting Reference PM/D/318. 








SENIOR ELECTRONIC ENGINEER 


is required for Radar Systems Section. Duties include specifying 
equipment to meet customer requirements for variants of existing radar 
equipments and for new equipments. 


Experience of radar equipment development, from specification to 
production stage is required. Experience and interest in associated 
mechanical design problems would also be useful. 


The position which is both pensionable and progressive is at our new 
factory at Harlow, where assistance with housing will be given if necessary. 


Applications in confidence to:- 


The Personnel Manager, 


COSSOR RADAR & ELECTRONICS LIMITED, 
The Pinnacles, Harlow, Essex 











T 


We now have a few further vacancies for 


MICROWAVE ENGINEERS 


to work in close liaison with the G.E.C. Research Laboratories on the 
development and production of magnetrons and Travelling Wave Tubes. 
Qualified engineers are invited to apply, quoting Ref. ME/2. Specialised 
training will be given where necessary. 


We also have an opening in this group for a 


PRODUCTION FOREMAN 


Preference will be given to a young man with a technical background 
and supervisory experience, who now wishes to specialise in production 
administration Ref. PM/1. 


TECHNICIANS 


with at least O.N.C. Elec. or App. Physics are also invited to apply for 
more junior vacancies, which will offer good prospects of advancement 
as the group expands Ref. TM/2. 

Please write, quoting the appropriate reference to:- Personnel Officer, 


M.O. VALVE CO. LTD., 
Brook Green Hammersmith, W.6. 








ENGLISH ELECTRIC VALVE CO. LTD., CHELMSFORD 
YOUNG ENGINEERS 


are required for inspection and testing of specialized valves 
at the English Electric Valve Co. Ltd. 


These positions require men with either a Degree in 
Electrical Engineering or a Degree in Physics, or an H.N.C. 
in Electrical Engineering with endorsements for LE.E. 
membership. 

It is expected that successful applicants will be engaged 
on these duties for 12 to 18 months and then progress to 
other appointments within the Company. 


Age-group preferred, 23 to 28. 
Salary will be assessed according to qualifications and 
experience. 
Applications to Dept. C.P.S., Marconi House, 336-7 Strand, 
London, W.C.2, quoting reference EE 1594J. 





ELECTRONIC ENGINEERING 


FEBRUARY 1960 








SITUATIONS VACANT (Cont'd.) 





SERCK CONTROLS 








We have vacancies for energetic and 
enthusiastic engineers who are digitally 


minded and interested in transistor circuits. 


Our work has wide industrial application 


and expansion is continuous. 


If you are interested in these oppor- 
tunities, send us details of your qualifi- 


cations and experience. 








PARKFIELD HOUSE 
SOLIHULL 


* WARWICKSHIRE 








Electronic Engineers 


The Development Division of the Gresham Group of 
Companies is expanding its activities in the development, 
design and manufacture of prototype electronic equipment 
for automatic instrumentation and control systems. 


New positions are open for Engineers in the field of 
Electronic Data Processing 


offering exceptional experience in 
logic system design 
transistor and magnetic core circuitry 
pulse techniques 
and project engineering. 


Applications are invited for these positions from Engineers 
with proven design and development ability and who are 
capable of undertaking the most advanced circuit design 
work and of employing the latest techniques and com- 
ponents. Applicants should possess a minimum of a Ist 
or 2nd Class Honours Degree. Post-graduate experience 
in the above subjects an advantage. 


Starting salary will be commensurate with the high standard 
of ability required. The Company operates Pension and 
Life Assurance Schemes. 


For further details, please apply in writing to 


The Technical Director, 


GRESHAM DEVELOPMENTS LTD., 
195 Uxbridge Road, Hampton Hill, Middlesex. 
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MULLARD RESEARCH LABORATORIES 
HONOURS GRADUATES 


in Physics, Electrical Engineering and Mathematics 


Mullard Research Laboratories have vacancies in expanding 
teams engaged in various aspects of radio physics and 
electronics. 


The work is extremely varied and ranges from research to 
advanced developments and the design of complete systems. 
It includes basic investigations of the behaviour of materials, 
technique studies on components, circuits and devices and 
also specific equipment projects. 


Current activities for which particular vacancies exist 
include 


Data Handling Television 
Millimicrosecond pulse generation Radiocommunication 


and display Mi = a 
High speed computing techniques 
and systems 





Assessment of new magnetic materials 
Assessment of semi conductor devices 
Ferrite applications 

Automotive electronics Electron optics 


The posts carry attractive and progressive salaries com- 
bined with excellent conditions of employment, including 
superannuation and life assurance. 


Applicants, with or without post graduate experience, who 
are under 31 years of age, are invited to write to the 


Personnel Officer. 


MULLARD RESEARCH LABORATORIES, 
Cross Oak Lane, Salfords, near Redhill, Surrey 
quoting ref. OG. 
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COMMONWEALTH OF AUSTRALIA 


DEPARTMENT OF SUPPLY 


ELECTRONIC INSTRUMENTATION 


Applications are invited for the following temporary position 
at the Weapons Research Establishment, near Adelaide: 


POSITION: Experimental Officer, Grade 3 
SALARY: £A1,730—£AI,950 per annum. 


DUTIES: Development of specialised electronic instrumentation 
—ee 
used in measuring the performance of experimental rocket 
motors in static firing trials. 


QUALIFICATIONS: Appropriate Degree or qualifications con- 
ferring exemption from the graduateship examinations of the 
1.£.£., plus experience in the relevant field. 





CONDITIONS: Under specified conditions, first class sea/air trans- 
port to Australia for the appointee and dependants (wife and 
dependent children) will be provided by the Commonwealth of 
Australia. Salary payable from date of embarkation. Assistance 
given in obtaining housing accommodation. After a period of 
three ‘years, the successful candidate will be eligible to apply 
to contribute to the Commonwealth Superannuation Fund. 


As an alternative to the above employment conditions, the 
successful applicant may choose to enter into an agreement for 
three (3) to five (5) years contract of employment in Australia. 
in this case, the Commonwealth will bear return fares, together 
with the cost of removing each way the appointees furniture 
and effects up to a maximum cost of £500 (Aust.), £250 (Aust.) 
each way. 


Application forms obtainable from Senior Representative, 
(AV47/11), Department of Supply, Australia House, Strand, 
London, W.C.2., with whom applications should be lodged by 
i8th February, 1960. 





ELECTRONIC MANUFACTURERS in NORTH LONDON 


require additional staff because of rapid increase in world 
wide sales. Promotion to senior positions made from engineering staff. 
Medium size of company with technical management provides close 
personal contacts and friendly atmosphere. 





batches—able to make decisions 
regarding production techni- 
calities for established control 
apparatus with rapidly expand- 
ing sales. Salary £1,000 to £1,200. 


PROJECT ENGINEER 


ELECTRONIC INSTALLATION 
ENGINEERS 


needed to fly to all parts of the 
world, after initial training. 
Knowledge of pulse circuits 
preferable but not essential. 
Basic salary £700 to £900 
depending on qualifications. 
Air travel paid plus £3 to £6 per 
day living allowance depending 
on location. 


ELECTRONIC DEVEL! 


with some electrical and mech- 
anical knowledge to organise 
production and testing o 

project. Salary £700 to £900. 


cote ll ELECTRONIC TEST ENGINEERS 
required, salary £700 to £800. 
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for original design work on ; high technical level. Knowledge 
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LABORATORY TECHNICIANS 
with practical experience and 


keen interest in electronics. 
Salary £650 to £750. 


TECHNICAL WRITER 


needed for preparation of 
electronic handbooks. Salary 
£900 to £1,200. 


MECHANICAL INSPECTOR 


with experience of light engineer- 
ing. Good working conditions. 


PLANNING ENGINEER 


with industrial electronic experi- 
ence. Salary £700 to £900. 


FOREMAN PAINTER 


capable of starting and running 
new paint shop. 


PROJECT ENGINEER 


with experience of electronic 
apparatus manufacture in small 


Please apply stating age, education and experience to 


Mr. D. H. BENT, Box W 3717 














ALBA 


(RADIO & TELEVISION LTD.) 


Have vacancies for the following in the Laboratory 
of their City Factory in London. 


(1) Radio and Television Development Engineers 
for work on Domestic Radio and Television 
Receivers. 

(2) Design Draughtsman for mechanical develop- 
ment of the above-mentioned receivers, from 
the initial layout stage to issue of production 
drawings. Radio and Television experience 
desirable. 

Technical Writer (Male or Female), required 
for preparation of Radio and Television 
receiver service and instruction manuals, and 
to carry out some technical 

Experience in this or allied field essential. 


These are opportunities for progressive positions 
and with an expanding organisation. 

40-hour 5-day week; Staff Canteen; Pension 
Scheme 


Please write, with details of previous experience, 
and salary required, to: 


The Personnel Manager 
ALBA (Radio & Television) Ltd., 
52-70 Tabernacle Street, 
LONDON, E.C.2. 


DEVELOPMENT ENGINEERS 


required by a leading instrument manufacturer in South East Essex for 
work on further application of a major project. 


SENIOR ENGINEER, preferably a PHYSICIST aged about 30 
years, with a good Degree, to act as deputy to the laboratory head in the 
administrative and technical fields. Good knowledge of engineering and 
optics are essential whilst some electronic experience and interest in 
photography would be an advantage. Starting salary within the range 
£1,200-£1,700, according to age, experience and qualifications. 


PROJECT ENGINEERS, preferably PHYSICISTS and 
MECHANICAL ENGINEERS, w ith a minimum qualification of H.N.C., 
for work involving mechanical engineering and design, electrical design 
and the mechanics of optical and photographic systems. Starting salary 
within range £850-£1,150, according to age, experience and qualifications, 
with ample scope for future progress. 
A C contributory Pension Scheme and Life Assurance arrangements are 
and housing assistance may be arranged in suitable cases after 
a satisfactory probationary period. 


Adjacent Central Line and other public transport services. 


Applications, which can be made in the strictest confidence, should give 
full particulars of qualifications, previous experience and salary required, 
and be addressed to Box No. W 37 

















ELECTRONIC TEST EQUIPMENT 


Appointments are available for Technicians in the Test 
Gear Department of an engineering company situated in 
the eastern suburbs of London. 

Applications are invited from: 
DESIGN AND DEVELOPMENT ENGINEERS 
MAINTENANCE ENGINEERS 
CALIBRATION ENGINEERS 
with experience of electronic production test equipment. 
There are staff appointments and there are excellent 
opportunities for advancement. Generous salary according 
to qualifications and experience. The successful candidates 


will be invited to join the Company’s Superannuation and 
Life Assurance Scheme. 


Please reply, giving full details, to Box No. W.3736 
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NEWMARKET TRANSISTORS LTD. 


ENGINEERS 


AND 


FOR EXPANSION SCHEME 
Our Production expansion plans coupled with the rapidly 
increasing utilization of semicondictor devices has created 
the following classes of 
VACANCIES 

PHYSICISTS 

To work on semiconductor material and device problems 
with an ultimate target of performance improvement and 
fabrication _ simplification. Good general academic 
qualifications essential. 


PROCESS CONTROL ENGINEERS 

To monitor, maintain and analyse the production of 
semiconductor devices. Some previous experience in allied 
field desirable. 


PROCESS DESIGN ENGINEERS 

To develop and initiate production methods and machines. 
Some experience of labour-saving methods and tooling 
desirable. 


MAINTENANCE ENGINEERS 
To maintain chemical and mechanical equipment of 
specialized nature. A recognized apprenticeship in some 
branch of production engineering would be an advantage. 
Salaries will be paid in accordance with qualifications and 
experience and ample opportunities exist for promotion. 


Apply, giving full details, to: 
PERSONNEL MANAGER, 
NEWMARKET TRANSISTORS LTD., 
EXNING ROAD, NEWMARKET 














English Electric Aviation Limited 
(Guided Weapons Division) 
STEVENAGE HERTS 


Applications are invited from qualified men for the 
following posts: 


CHEMIST 


A chemist aged 26-30 is required to assist design 
engineers in problems associated with hydraulic control 
systems and to carry out investigations on lubrication, 
hydraulic fluids, oils, rubbers and plastics. An honours 
degree is preferred but other qualifications will be 
considered. 


MATERIALS ENGINEER 


A Senior Materials Engineer is required to advise and 
investigate material problems associated with the 
design of precision gyros and accelerometers. The sort 
of problems met demand a man with a broad education 
in physics or engineering and a flair for practical 
application. 


For both posts the starting salary will be competitive 
and assistance with housing can be given. 


Please write to: Dr. D. A. Layne, Dept. C.P.S., 
Marconi House, 336/7 Strand, London, W.C.2. 
quoting reference EE1314D. 
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seh\acor Siddeley Aviation 


LiMiTED 


A. V. ROE & CO. LTD., 
ELECTRONIC ENGINEERS 


There are two senior vacancies in the Trials Department of the 
WEAPONS RESEARCH DIVISION, Woodford, Cheshire, to participate 
in each of the following :— 


1 Development of ground and airborne V.H.F. ation equip ; 





2. Circuitry development for various measuring devices concerned with the 
Guided Weapons Project. 


Applicants should be of Degree or H.N.C. standard and have previous 
development experience. 

The Division is situated in rural countryside within easy reach of 
Manchester and the Derbyshire hills. it is well served by main route 
buses and is close to housing and shops. 

Applications, quoting reference No. WRD/R.7/E should be addressed to:— 


The Chief Engineer, A. V. ROE & CO. LTD., 
Weapons Research Division, Woodford, Cheshire. 





SIR W. G. ARMSTRONG WHITWORTH 
AIRCRAFT LTD., 


ELECTRICAL ENGINEERS 


. with at least O.N.C., and evidence of study leading to higher 
qualifications, with a minimum of two years experience, are required 
for long term test work on aircraft motors and generators under high 
altitude and special conditions. Also for development work on trans- 
ducers, magnetic amplifiers, trasistorised equipment and specialised test 
equipment in both aircraft and industrial fields; and for testing and 
installation of servo systems both at Works and on site 
The work is conducted at the Armstrong Whitworth Equipment factory at 
Hucclecote, Gloucester, but applications, in full confidence, should be made 
to the 

Personnel Manager, 
SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., 


Baginton, Coventry. 





THE ELECTRONICS ORGANISATION OF 


SIR W. G. ARMSTRONG WHITWORTH 
AIRCRAFT LTD. 


have vacancies for 


(a) A SENIOR ENGINEER 


to co-ordinate work on missile and aircraft electronic instrumentation 
systems. Previous experience in this field would be a decided advantage. 


(b) A SENIOR ENGINEER 


to take charge of a section engaged in development of electronic ground 
equipment, including missile test equipment and firing systems. 
Candidates for the above positions must possess a University degree or 
equivalent qualifications, and have a minimum of five years experience 
in the design and development of electronic equipment. 

These are senior appointments carrying monthly staff status, and the 
salary will be in accordance with qualifications and experience. 

In addition, there are vacancies for less experienced candidates, in a 
wide variety of applications, and for design draughtsmen, preferably 
with experience in electro-mechanical design. 

Salaries for these positions would be commensurate with qualifications 
and experience. 

Successful candidates will also be eligible for the Hawker Siddeley Group 
Pension and Life Assurance Scheme after a qualifying period. 

All the electronic activities of the Company are integrated within one 
organisation, which also undertakes a considerable amount of commercial 
and industrial work. There is, therefore, scope for advancement in a 
number of directions, and transfers between groups are frequent. 


Applications stating age, qualifications, experience and present salary 
quoting reference: TAO/E/§5 to:— 
TECHNICAL APPOINTMENTS OFFICER, 
SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED, 
BAGINTON, NEAR COVENTRY. 
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ENGLISH ELECTRIC AVIATION LTD. 


(Guided Weapons Division) 
LUTON, BEDS. 
LEADERS IN 


New Projects and Advanced Studies 


Applications are invited from Scientists for 

positions in which they will lead groups conducting 

feasibility studies on Advanced Weapons Systems 
and Satellite Projects. 


Candidates should preferably have had experience 

of Research or Development work in related 

fields, but previous work on Guided Weapons, 

Aeronautics or Armaments is in no way essential. 

Degree or equivalent qualifications in either 

Physics, Mathematics, Electrical or Aeronautical 
Engineering is necessary. 


For these posts (equivalent approximately to 
Principal Scientific Officer) the Company will give 
assistance with housing and removal expenses. 


Please write to Dr. A. Layne, c/o Dept. C.P.S., 
Marconi House, 336-37 Strand, London, W.C.2, 
quoting reference EE 1395D. 
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Invite applications from Electronic Engineers 
for the following appointments :— 


1. SENIOR DEVELOPMENT ENGINEER 


Minimum qualifications H.N.C. in Electrical Engineer- 
ing, or equivalent, and preferably Corporate Member- 
ship, of a relevant Professional Institute. Experienced 
in the design and development of electrical and electronic 
instruments to the production stage. A knowledge of 
transistor and oscilloscope design techniques, and the 
ability to supervise junior staff would be advantageous. 


SENIOR DEVELOPMENT ENGINEER 


Qualifications H.N.C. in Electrical Engineering, or 
equivalent, with a minimum of two years’ responsible 
experience in the design and development of electrical 
measuring instruments to the production stage. 


JUNIOR ENGINEER 


Minimum qualifications O.N.C. in Electrical Engineering 
or equivalent and some experience in the design of 
electrical or electronic instruments, would be an 
advantage. 


Salaries for the above appointments will be commensurate 
with age, qualifications and experience. Pension Scheme. 
Please apply in writing for application form to;— 
The Staff Appointments Officer (B) 
AVO LIMITED 
Avocet House, 92,96 Vauxhall Bridge Road, London S.W.! 
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development engineers 


Backed by a long established and important engineering 
group, and under new Management, EPSYLON is rapidly 
expanding, chiefly in the commercial fields of 


Instrumentation Magnetic Recording, Digital Data Logging 
and Processing, Video Systems and Textile Automation. 


The Company at present employs about 250 men and 
women. Working conditions are excellent and there is a 
generous Pension and Life Assurance Scheme in operation. 

Key positions as PROJECT LEADERS & SENIOR 
ENGINEERS are now available for men of high calibre, 
degree standard and sound practical experience. 

Those who join the Company now will have the best 
prospects of early advancement. 

Other vacancies for CIRCUIT DESIGNERS, MECHAN- 
ICAL DESIGNERS, SYSTEMS and APPLICATIONS 
ENGINEERS. 


Apply to Personnel Officer, 


EPSYLON INDUSTRIES LIMITED, 
Faggs Road, Feltham, Middlesex 





NEWMARKET TRANSISTORS 


Applications are invited from Senior and Junior Engineers 
for vacancies in the following departments :— 

Applications, 

Laboratory Measurements, 

Production Testing, 

Production Test Equipment. 
Salaries will be paid in accordance with qualifications and 
experience and ample opportunities exist for promotion. 
All applications will be treated in the strictest confidence. 
Apply giving full details to:— 

Personnel Manager, 
NEWMARKET TRANSISTORS LTD., 
Exning Road, Newmarket. 














errant 
LIMITED EDINBURGH 


wish to recruit a 


SERVO ENGINEER 


for automatic control of machine tools. An opportunity exists for an 
——- Servomechanisms Engineer to take charge of the development 

advanced servomechanisms for high-precision machine tool 
-. B allied purposes. The problem is to extend the performance 
of hydraulic servomechanisms and their associated transmission and 
‘eedback systems beyond present-day standards, and represents a challenge 
for a man with a good theoretical background and practical experience 
of servo work. A staff position with membership of pension scheme 
and a substantial salary will be offered to the successful candidate, 
Please apply giving details of training and experience to the: 


Personne! Officer, Ferranti Limited, Ferry Road, Edinburgh, 5 
quoting ref. SE/23 
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PRECISION 
CAPACITANCE 
BRIDGE 


CENTRAL ELECTRICITY 


GENERATING BOARD 


PLANNING DEPARTMENT 
HEADQUARTERS, LONDON, S.E.! 


Engineering Digital Computing Service 


COMPUTER SITE ENGINEER required in the System 
Planning Branch to undertake the servicing and maintenance 
of a DEUCE computer and its associated equipment. Previous 
experience of computer maintenance desirable. If the 
successful candidate is not conversant with the DEUCE 
he will be required to undertake a course of instruction 
at the computer manufacturers’ works. 


The successful candidate will be given an opportunity to 
gain experience on other than maintenance work, including 
programming. 

Applicants should possess qualifications leading to Graduate 
Membership of the Institution of Electrical Engineers and/or 
have had considerable computer maintenance experience. 





Salary on a scale within the range £900-£1350 
p.a. according to duties and responsibilities. 


Applications stating age, qualifications, experience, 
present position and salary to the Personnel Officer, 
24-30, Holborn, London, E.C.!. as soon as possible. 


Type CMBI/OSF2 
CAPACITANCE RANGE: 
0.001 ypF to 1.1 in pF 


ACCURACY: 
0.1% +.0.005 pF 
above 0. lupF 


Envelopes should be marked Confidential Ref. EE/5. 0.0005 puF below 0.1 yur 


FREQUENCY RANGE: 
200 cps to 5 kc/s 
with full accuracy 


POWER FACTOR RANGE: 


Bra viIngZons | | | ess" 
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BUILT-IN OSCILLATOR, DETECTOR- 
AMPLIFIER AND INDICATOR 


@ The type CMB! Capacitance Bridge measures 
directly single capacitances from complex capaci- 
tance networks. 


@ Terminals free or one terminal grounded. 


@ Shielded cables can be used without introducing 
errors. 


= 7 a : : * @ 
pecia EF an @ The built-in 1000 cps oscillator (800 cps supplied 
Ss lised ngr ng on request) in conjunction with the amplifier 


on, if and bridge balance indicator make the bridge 

Service 333 completely self-contained, 

@ All capacitance measurements on tubes, cables, 
transformers, etc., are most easily performed with 
this unique high-precision bridge. 

RADIOMETER supplies : 
AF OSCILLATORS 
IF YOU HAVE ANY DIFFICULTY R-L-C BRIDGES 


STANDARD 
WE CAN HELP YOU 4 SIGNAL GENERATORS 


Wholesale Watchmakers and Jewellers 


10 YORK WAY 
KINGS CROSS 
LONDON, N.|. 


We have a well organised and highly efficient 
We can undertake all types of Engraving 
Quick delivery guaranteed 


VACUUM TUBE VOLTMETERS 
WAVE ANALYZERS 


ELECTROCHEMICAL 
INSTRUMENTS 


RADIOMETER 


72 Emdrupvej, Copenhagen NY-3, Denmark 
Represented in Great Britain by 
Livingston Laboratories Ltd. 
Retcar Street, London, N.I19 


Prototypes, Machine Dividing, Dials and 
Calculators, Indicators, Instrument Panels, 
plates and Labels, Etc. 





FROM PLASTICS TO STAINLESS STEEL WE CAN 
SOLVE YOUR ENGRAVING PROBLEMS AND 
HELP YOU CATCH UP ON TIME! 


Phone: TERMINUS 3131! | 
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‘Gfowatd TRANSFORMERS /S # % / 


Suitable for every type of Electronic Equipment requiring components for 
exacting duties under all conditions of ambient temperature and humidity. 








@ Our Technical Department 
is at your service 


Enquiries to: 


STEWART TRANSFORMERS Ltd. 


KILBURN LANE, LONDON, W.10O. WE ARE ON ADMIRALTY AND 
Tel.: LADbroke 2296/7 MINISTRY OF SUPPLY LISTS—A.I.D. APPROVED 
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99-9999 % 


The production of semiconductors and of intermetallic compounds for thermoelectric 
devices has resulted in a demand for very high purity metals. To meet these 
developments, The Consolidated Mining & Smelting Co. of Canada Ltd., is producing 
the following metals to purities of the order of 99-9999% : 


BISMUTH - CADMIUM + INDIUM - LEAD - SILVER - ZINC 
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These “TADANAC” Brand metals are available in the United Kingdom and Europe from 


HENRY GARDNER 


AND COMPANY LIMITED 


* 


With 
anna 


Mi) 


2 METAL EXCHANGE BUILDINGS - LEADENHALL AVENUE - LONDON : E,C.3 
Telephone: MANsion House 4521 


u 


whose Technical Service Department, backed by the full resources of the producers’ 
Research Division, will welcome enquiries. 
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DIRECT DEHUMIDIFIERS 


FOR AIR CONDITIONING 





waterlogged? 


ieee. 


A situation like this in your 
factory is unthinkable—but it is 
the hidden moisture, of which you 
are often unaware, that threatens 
the quality of your product and the 
efficiency of its manufacture. 
Moisture costs money as it slows 
down production, causes 
deterioration in quality and 
increases plant maintenance. 

Birlec Direct Dehumidifiers — 
simple, reliable, and economical — 
can put a stop to all this. They are 
already maintaining very low 
humidities for the manufacture of 
transistors, computers, radar sets, 
cathode ray tubes etc, 


Ask an Engineer from Birlec’s 
Dryer and Gas Plant Division 
to tell you more about them. 


Dryer and Gas Plant Division of 








AE!I-Birlec Limited 








ERDINGTON 
BIRMINGHAM 24 
Telephone: EASt 1544 


LONDON SHEFFIELD * CARDIPP 


NEWCASTLE-ON-TYNE GLASGOW 
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MINIATURE STABILIZED 


POWER UNIT 


TECHNICAL SPECIFICATION 


Mains Input : 200-250v AC 

Outputs : Two 4-pin sockets 

Output DC Current : 0-100 mA shared between sockets 
Output DC Voltages : 150v 200v 250v 

Regulation 0°15% 0025%, 0-025% 

Voltage stabilization Ratio : 0-1/5 0-075/5 0-075/5 

Ripple Less than 0-4mv RMS on full load 
AC Output 6°3V, 2A at each socket 

Size 5h” x 5}" x 5}" 

Weight Approximately 9} Ibs 

Delivery Early delivery can be given 


orpvan cere re - 


Roce 


PAMPHLET No. 1241b ON REQUEST 


Other voltages within the range 150-250v can be supplied to order. 
By means of simple links, one unit can provide any one of three output voltages. 


BARR & STROUD LTD. ANNIESLAND, GLASGOW, W.3 


London Office: Kinnaird House, |, Pall Mall East, $.W.1 
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VACTRI 


Size 10 A.C. Motor. 


Breadboard 
Components. 


Precision 


Servo 


omponents 


for missiles 


aircraft and automation 


Size 08 D.C. Motor. 


IN-LINE GEARHEADS,;- 
Low-inertia, low backlash 
recision reductions gear- 
eads in International frame 
Sizes 10, 11 and 15, ratios up 
to 1000:1. Can be directly 
coupled to International 
Frame size servo motors, 
synchros, potentiometers,etc. 


D.C. SERVO MOTORS. 
Miniature precision built ball 
bearing motors with perma- 
nent magnet field. Internat- 
ional frame Sizes 08, 11, 
and 18 or ‘P’ series. All mo- 
tors are reversible and can be 
used as generators. 


A.C. SERVO MOTORS. 
Precision - oem. low inertia 
motors 2-phase 400 c/s or 
50 c/s in International frame 
sizes 07, 10,11, 15 and 18. 


P.G. 800 GOVERNED 
MOTOR. 

P.800 D.C. Motor fitted with 
centrifugally operated gov- 
erner. External power tran- 
sistor circuit handles 97% of 
armature current. 


A.C. MOTOR 
TACHOGENERATORS. 
Combined 2-phase servo 
ae and low inertia drag- 

= generator, low residual 

oltage and good linearity. 
International frame sizes 10 
an 


BREADBOARD 
COMPONENTS. 
A wide range of standard 
supports. shafting, Geers, 
erentials, etc., for bread- 
Slaee servo systems. All 
parts made from first class 
materials and manufactured 
to close tolerances for ease of 
assembly. 


HIGH SPEED ROTARY 
SWITCHES. 

Up to 24 Switch wafers either 
24 or 48 way can be fitted to 
a motor and gearhead drive. 
Scanning speeds upto 12,000 
r.p.m. compact design, low 
— level and great reliabil- 
ty 


Synchronous, Damped and 
Braked Motors also available 


Write or telephone for literature dealing with 
our erpanding range of Control Equipment 


Vactric (Control Equipment) Limited 
Vactric House, Sloane Street, London, S.W.1. Telephone SLOane 9656 


WRP 25) 











